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The colour palette for this explanatory document 
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growth in a home; a health hazard present in many 
post-war state houses in New Zealand.
Figure 1 Mould in a home 
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AbSTrAcT
With the built environment contributing to a large proportion of 
greenhouse gas emissions, there is great potential to reduce its 
environmental impact by addressing the ways in which we construct 
and use buildings. The residential sector shows the greatest potential 
for improvement, with 25% of global end use demand consumed 
by houses alone.1 Retrofitting provides promise for existing houses; 
increasing their life span whilst enabling upgrades in energy efficiency 
and spatial qualities. 
New Zealand's existing house stock is varied but one of the most 
prominent house types is the post-war state house, built between 
1940-1960 across New Zealand. These houses make up the largest 
proportion of existing houses in New Zealand. 
The design of post-war state houses supported and promoted the 
nuclear family; an ideal which is becoming increasingly irrelevant in 
modern New Zealand. These houses remain stalled in the era in which 
they were designed and are now socially out of date, failing to meet the 
variety of needs of New Zealanders today. 
Changes in society and the way that we use our houses are explored 
and translated into architectural problems, which are addressed through 
the design of retrofit solutions.
 
Long Live the State House asks the question:
“How can the development of a spectrum of architectural interventions 
be used to retrofit existing post-war state houses, in order to extend 
their lifetime and usability, thus improving social, environmental and 
economic sustainability?” 
To answer this, the project explores retrofit solutions to current problems 
prevalent in these post-war state houses and aims to demonstrate 
alternative solutions to traditional housing models. 
The outcome is flexible and adaptable to suit a variety of applications 
across New Zealand. 
1  Kerr, Suzi and Allan, Corey. “Understanding the Relationship between
GHG Emissions from Consumption and Household Characteristics” (presentation given 
at NZAE Conference, Sir Paul Reeves Building, AUT, Mayoral Drive, Auckland, 4th 
July 2014), http://motu.nz/assets/Documents/our-work/environment-and-resources/
emission-mitigation/shaping-new-zealands-low-emissions-future/Understanding-
the-Relationship-between-GHG-Emissions-from-Consumption-and-Household-
Characteristics.pdf
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Figure 3 Mapping problems in the New Zealand housing sector
1bAckGrOUNd OF THE PrOJEcT
Modern society’s way of living has had a noted impact on the planet. 
As evidence of this mounts, the need for change becomes increasingly 
urgent. Sustainability has become one of the world’s most pressing 
concerns; along with adopting new ways of living, it is important to 
address our existing habits to give our planet the best chance at 
recovery.
With the built environment contributing to a large proportion of 
greenhouse gas emissions, there is great potential to reduce its 
environmental impact by addressing the ways in which we construct 
and use buildings. The residential sector shows the greatest potential 
for improvement, with 25% of global end use demand consumed by 
houses alone.2
In New Zealand, we build over 20,0003 new homes every year and these 
show improvements in the way we consider housing and sustainability 
of the built environment. However, we often fail to address the 1.6 million 
existing houses4 that could be retrofitted to significantly increase their 
performance and suitability.
Many New Zealanders struggle with under-performing home 
environments. Damp, draughty, cold houses are the norm in much of our 
country and this has a direct impact on our health and on living costs. We 
spend 70% of our time in our homes, yet they are not the comfortable 
and nurturing environments that they ought to be.5 Statistics show that 
780 people don’t go to work or school each day and 50 people go to 
hospital because of impacts from their home environments.6
2  Kerr, Suzi and Allan, Corey. “Understanding the Relationship between
GHG Emissions from Consumption and Household Characteristics” (presentation given 
at NZAE Conference, Sir Paul Reeves Building, AUT, Mayoral Drive, Auckland, 4th 
July 2014), http://motu.nz/assets/Documents/our-work/environment-and-resources/
emission-mitigation/shaping-new-zealands-low-emissions-future/Understanding-
the-Relationship-between-GHG-Emissions-from-Consumption-and-Household-
Characteristics.pdf
3  Better Performing Homes for New Zealanders: Making It Happen, (n.p., 2008), 
http://www.sbc.org.nz/__data/assets/pdf_file/0007/56545/Better-Performing-homes-
for-New-Zealanders.pdf.
4  Ibid
5  “Unhealthy Living,” Architecture Now, January 2012, accessed March 3, 
2016, http://architecturenow.co.nz/articles/unhealthy-living/.
6  New Zealand Business Council for Sustainable Development, “Better 
Performing Homes”
2As well as poor energy performance and adverse impacts on health, our 
existing homes are often also unsuitable for the way that we live, with 
out-dated planning and design principles. The majority of our existing 
houses were built during the post-war boom following the Second 
World War; when the kiwi quarter acre dream was blossoming and the 
nuclear family was the desirable family make-up.
Figure 4 State houses designed for mid twentieth century nuclear families
3PrOJEcT OUTLINE 
This research project is the development of a system of architectural 
interventions that are utilised to retrofit existing post-war state houses 
to make them more suitable for current needs. The outcome is non-site 
specific and is flexible and adaptable to suit a variety of applications, 
to be employed throughout New Zealand. The result is energy efficient 
houses that respond to today’s social and demographic needs, creating 
vibrant and integrated communities. 
AImS/ ObJEcTIVES
This project aims to provide insight into possibilities for existing post-
war state houses, demonstrating the value in our existing houses. The 
project will demonstrate alternative solutions to traditional housing 
models, while improving energy efficiency and spatial qualities to future-
proof existing houses. 
The project aims to:
• Utilise existing houses as solutions to housing problems that are 
currently being faced in New Zealand by increasing density, flexibility 
and energy efficiency. 
• Provide an outcome that will be applicable across New Zealand and 
could be employed by a variety of private owners as well as housing 
providers. 
• Provoke awareness of opportunities within the existing built 
environment and encourage application of retrofit strategies as a 
viable alternative to new build. 
• Improve social, environmental and economic sustainability. 
• Adopt new modes of living and enhance existing communities by 
making them more dynamic and integrated. 
• Employ better use of site and layout to increase density while also 
improving amenity.
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Figure 5 Explanatory document content diagram
5rESEArcH qUESTION
How can the development of 
a spectrum of architectural 
interventions be used to 
retrofit existing post-war 
state houses, in order to 
extend their lifetime and 
usability, thus improving 
social, environmental and 
economic sustainability?
6ScOPE + LImITATIONS
The architectural response is a series of experiments on the alteration 
of both the internal layout of spaces and external layout of house units. 
This project is not site specific, but is rather a set of parts that can be 
applied to many situations. This limits the scope of the research and of 
the outcome because it is not directly designed for a specific site and 
its conditions. Instead, the set of parts is designed to be adaptable so 
that it can suit many applications. 
The project is limited by theoretical assumptions with regard to the 
existing post-war state houses that it is modelled on; in a real-life example 
detailed on-site analysis of existing houses would be undertaken but 
this research project is limited to two-dimensional representations of 
these houses in the form of drawings and photos. 
A survey of existing houses has been conducted and this forms the 
basis for retrofit designs within this project, but in reality there are myriad 
examples of these houses and time and resource limitations mean that 
not all of them can be identified and analysed. The project deduces 
commonalities in structure and layouts, which are used to inform the 
design of parts, and it is assumed that the other existing houses will 
follow these same principles and thus the design will be applicable to 
these also. 
A sample from the survey has been analysed to find common 
characteristics and this is used to inform design. It is assumed that 
other houses of this type not within the sample will also respond 
to the principles developed because the design is adaptable; this 
acknowledges that there is a universal element in design proposals 
relevant to real world applications.
7STATE OF kNOwLEdGE IN THE FIELd
The existing New Zealand housing stock performs poorly in terms of 
energy and water efficiency, warmth, comfort and indoor environment 
quality: According to the New Zealand Business Council for Sustainable 
Development (NZBCSD), there are over 1.6 million existing houses across 
the country that fail to provide efficient and healthy homes.7 Research 
by NZBCSD has highlighted that there is a significant opportunity to 
help New Zealand meet its energy efficiency and emissions reductions 
targets through reducing the energy consumption of buildings; heating, 
cooling, ventilation and hot water use in poorly performing buildings 
account for up to 85% of their total energy consumption and CO2 
emissions.8 
A report by BRANZ on the sustainability of the NZ housing stock found 
that New Zealanders live in homes that have high environmental impact, 
but that homes built in the last decade have only half the environmental 
impact of their predecessors.9 This has been demonstrated in the report 
with the use of the Homestar rating tool; the report found that New 
Zealand homes have an average Homestar rating of just two to four 
stars out of ten. Homes built after 2003 manage to achieve the higher 
rating of four stars, but these make up a small proportion of our existing 
housing stock; just 60,000 of our 1.6 million houses. The existing post-
war state house stock is of particular interest as it makes up a major 
proportion of our homes, with standardised components and similar 
designs replicated across the country and adopted by private builders 
at the time.10
By improving the energy efficiency of our existing houses, we can also 
make them more affordable to run and improve the health of inhabitants 
by ensuring that they are warm and dry. The World Health Organisation 
recommends a minimum indoor temperature of 18°C,11 but several 
New Zealand studies have found indoor temperatures can frequently be 
7  New Zealand Business Council for Sustainable Development, “Better 
Performing Homes”
8  Ibid
9  J. C. Burgess, Study Report: Sustainability of the New Zealand Housing 
Stock, (BRANZ, 2011)
10  Ibid
11  Household Energy Affordability – Healthy Housing – He Kainga Oranga,” 
Healthy Housing, accessed March 15, 2016, http://www.healthyhousing.org.nz/
research/current-research/household-energy-affordabililty/
86°C or more below this recommendation.12 Along with being cold, our 
existing houses are often damp and therefore mouldy. This contributes 
to New Zealand’s high incidence of asthma and respiratory illness: A 
report by NZBCSD states that 780 New Zealanders a day are absent 
from work because of health problems caused by the homes that they 
live in and 50 people each day go to hospital for the same reason. With 
hospital beds costing $3,000 each per night, the economical impacts 
of this are high.13. 
A study on the suitability of New Zealand State Houses for energy 
retrofit14 showed that a holistic approach to energy retrofit of government 
mass housing is still lacking, although the potential is available. These 
houses, built between the 1940s and the 1960s, make up the largest 
mass-housing group in the country. The study highlights poor living 
conditions as a recurrent theme in the history of New Zealand housing, 
an issue that continues to impact our existing housing stock. In their 
report, Leardini and Gronert demonstrate that insulation at levels used 
by Housing New Zealand is not sufficient to improve indoor temperatures 
to an internationally recognised comfort and health level and that 
stronger and speedier measures are needed to meet the urgency of 
the current global energy crisis. With our country having the second 
highest incidence of asthma in the world, a retrofit approach is found to 
be cost-effective as health benefits of renovation would be factored into 
the whole equation of renovation costs.15
Our existing post-war state houses remain stalled in the era in which they 
were designed and have not caught up to changes in New Zealand’s 
social and demographic structure. As Julia Gatley outlines, the suburban 
house was a desirable status symbol when post-war state houses 
were designed and people aspired to the nuclear family and detached 
house: “consistent with this philosophy, Labour built its detached state 
12  Philippa Howden-Chapman et al., “Effect of Insulating Existing Houses on 
Health Inequality: Cluster Randomised Study in the Community,” Research 334, no. 
7591 (March 1, 2007), accessed March 15, 2016, doi:10.1136/bmj.39070.573032.80, 
http://dx.doi.org/10.1136/bmj.39070.573032.80.
13  New Zealand Business Council for Sustainable Development, “Better 
Performing Homes”
14  Paola Leardini and Renelle Gronert, New Zealand Labour Party State Housing: 
From Energy Retrofit to Urban Regeneration, (School of Architecture and Planning, 
The University of Auckland, Auckland, New Zealand, 2012), http://www.academia.
edu/1599225/New_Zealand_Labour_Party_State_Housing_From_Energy_Retrofit_to_
Urban_Regeneration.
15  Ibid
9houses as family homes. Families with children were identified as the 
most urgent type of applicant and the most deserving of state rental 
accommodation”16. Ben Schrader builds on this idea by interpreting the 
planning of these houses in terms of family expectations and gender-
defined roles, with the kitchen and laundry allocated to the woman’s 
sphere and the man holding prime position in the living room, with his 
sphere centred outside in the garden and tool shed17. Shaw agrees 
with this idea, describing the purpose of these houses as support for “a 
highly specialised, even inflexible view of family life”.18
The Ministry for Culture and Heritage describes post-war state houses 
as “little boxes for suburban nuclear families”,19 a description that 
does not fit the needs of modern New Zealanders.  Emily Batchelor’s 
thesis, “Stepped-ness in Medium Density Housing” references this and 
uses the term “little boxes” as the antithesis of current need20. She 
suggests that the “quarter acre pavlova paradise” must be reinterpreted 
for contemporary life if our environments are going to have any validity 
16  Julia Gatley, “Labour Takes Command: A History and Analysis of State Rental 
Flats in New Zealand 1935-49,” (Wellington: Victoria University of Wellington New 
Zealand, 1997), 168–68.
17  Schrader Ben, “Planning Happy Families : A History of the Naenae Idea,” 
(Victoria University of Wellington, 1993), 71–72.
18  Peter Shaw, Robin Morrison, and Paul McCredie, A History of New Zealand 
Architecture (Auckland, N.Z....: Hachette New Zealand, 1997), 133–33.
19  “First State House,” NZ History, October 14, 2014, accessed June 21, 2016, 
http://www.nzhistory.net.nz/media/photo/first-state-house.
20 Emily Batchelor, “Steppedness in Medium Density Housing,” (Wellington.: 
Victoria University of Wellington, 2014), 3
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in supporting households of the future and suggests a need for “more 
connected living that respects kiwi preferences for privacy and garden, 
but also accommodates household diversity and spatial flexibility”.21 As 
Gatley discusses, these houses were “conservative in their relationship 
with the garden, with little consideration being given to indoor-outdoor 
living”22; this may have suited the conservative, reserved, inward-living 
families of the 1940s and 1950s but is unrealistic in today’s lifestyle.  
mETHOdS
To meet design objectives, research based design will be undertaken and 
will involve experimenting and testing through simulation and modelling. 
This will include ongoing testing of a range of designs, case study 
analysis, and contextual/ historical research through the New Zealand 
Archives and Alexander Turnbull library, which hold a comprehensive 
collection of material about the development of state houses in New 
Zealand. 
Existing patterns are analysed through field research and observational 
research and designs are formulated through experimenting, testing 
and assessing. Tests are carried out on a variety of scales and zoom 
in and out of the existing house model in order to fully understand 
implications of interventions. Research is ongoing; through reading, 
drawing, physical modelling and computer modelling, to enforce and 
strengthen findings.
21  Emily Batchelor, “Steppedness in Medium Density Housing” , 11
22  Julia Gatley, “Labour Takes Command”, 65
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rESULTS OF rESEArcH 
Observational research revealed patterns in the existing post-war state 
house, which have been utilised to develop solutions to the current 
problems with these houses. 
These problems were investigated through research and include spatial 
layout, energy inefficiency and lack of flexibility.
Research on the social changes in New Zealand since these post-
war state houses were designed highlighted a need for architectural 
change, in order to address the way that New Zealanders use their 
houses today: the existing houses are inward facing and designed for 
a specific user, making them inappropriate for modern New Zealand 
demographics and lifestyle.
Design led research uncovered the need for a spectrum of solutions and 
demonstrated the potential of a systemised approach to retrofit. This 
system incorporates findings from contextual research, observational 
research, case studies and design. The resulting design is a set of parts 
that provides a variety of architectural (and technical) interventions that 
can be employed throughout New Zealand. These parts can be used 
in a variety of applications, allowing each individual user to adapt it to 
their own need. 
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PART ONE
the problem
14
Liberal government’s WORKERS’ DWELLINGS 
Act passed
First workers’ dwellings completed in Petone, 
Wellington; but scheme not a success, with only 
126 houses built by 1910
Reform government sells off remaining
workers’ dwellings, and PROMOTES PRIVATE 
HOME-OWNERSHIP through State Advances 
Corporation (SAC) loans
Completion of first multi-unit state flats,
Centennial Flats in Berhampore, Wellington
MAORI HOUSING scheme established, 
managed by SAC and Department of Maori 
Affairs
State house CONSTRUCTION VIRTUALLY
CEASES due to wartime shortages
Completion of 10-storey Dixon Street Flats in
Wellington
Opening of Symonds Street Flats and Greys
Avenue Flats in Auckland
Election of National government, which in 1950s 
promotes SALE OF STATE HOUSES to tenants
New National government announces gradual
introduction of FULL MARKET RENTS for state
house tenants
HOUSING NEW ZEALAND CORPORATION
ESTABLISHED
CENTENARY of state housing in New Zealand
12 Fife Lane bought by McGregor family
HOUSING CORPORATION OF NEW ZEALAND
FORMED, by merging SAC and Housing 
Division of Ministry of Works
100,000th state house completed in 
Christchurch
12 Fife Lane repurchased by Housing 
Corporation in recognition of its historic 
significance
New Labour-led government reintroduces
INCOME-RELATED RENTS and moratorium on
state house sales
Election of FIRST
LABOUR government
Government launches major STATE HOUSING
SCHEME; Department of Housing Construction
established
First families move into new state houses,
including the McGregors at 12 Fife Lane, 
Miramar, Wellington
1905
1906
1912-28
1935
1936
1937
1940
1942-44
1943
1947
1948
1952
1974
1978
1985
1991
1999
2001
2005
1949
Figure 7 State housing timeline 
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HISTOry OF STATE HOUSING IN NZ
Housing in New Zealand has always had its troubles. With colonisation 
in the mid 19th century came “slum-like”23 living conditions; housing 
demand exceeded supply and many New Zealanders were forced to 
pay extortionate rents for sub-standard homes.24 In 1890, a reformist 
Liberal government was elected and brought aspirations to follow Britain 
by erecting municipal rental homes for city workers. 
In 1905 New Zealand began to provide public housing, through the 
introduction of the Workers’ Dwelling Act. This saw the provision of high 
quality houses on the outskirts of cities, with the first examples built in 
Petone, Wellington. High quality meant high rents and, unfortunately, the 
scheme did not succeed.25 This first attempt at state funded housing 
was abandoned. 
The housing boom of the 1920s crashed in the early 1930s, when New 
Zealand was hit by the worldwide economic depression. Many first-
home owners had their houses repossessed by the state or finance 
companies and were forced to return to renting.26 Meanwhile, the 
population was continuing to grow but the construction of new houses 
was stalling, resulting in nationwide housing shortages.
In 1935, the first Labour government was elected and promised to 
build thousands of new homes to alleviate the crisis. In 1936 the new 
government launched a major state housing scheme and established 
the Department of Housing Construction.27 By 1939, 5000 state houses 
had been built across the country, at a rate of 57 a week.28 Many of 
these were in Miramar, Wellington and the Hutt Valley as well as Ōrākei 
in Auckland. 
23 New Zealand Productivity Commission, A History of Town Planning in New 
Zealand, (n.p.: New Zealand Productivity Commission, 2015), http://www.productivity.
govt.nz/sites/default/files/using-land-draft-report-research-note.pdf.
24  “The State Steps in and Out,” NZ History, July 21, 2014, accessed February 
10, 2016, http://www.nzhistory.net.nz/culture/we-call-it-home/the-state-steps-in-and-
out.
25  Ibid
26  “Suburbs – Te Ara Encyclopedia of New Zealand,” July 13, 2012, accessed 
March 16, 2016, http://www.teara.govt.nz/en/suburbs/page-2.
27  Ibid
28  “State Housing,” accessed March 10, 2016, https://www.nzgeo.com/stories/
state-housing/
16
Figure 8 Housing conditions in Te Aro Figure 9 Workers’ dwellings in Petone 
Figure 10 The McGregors outside the first state house at 12 Fife Lane, Miramar 
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The Second World War caused state house building to virtually cease 
from 1942 until 1944. With the return of servicemen after the war came 
another housing shortage, and the state struggled to keep up with 
demand. Whole suburbs were constructed to try to provide enough 
housing for those in need.29
The next National government, elected in 1949, promised to reform the 
housing system by selling state houses to their tenants. An income-cap 
was introduced for new state house tenancies and allocation criteria 
were tightened to ensure that those most in need were provided for. The 
National government believed home ownership was the aspiration of all 
New Zealanders and by 1954 state home loans accounted for 34% of 
all new-home mortgages.30 Demand for housing continued to outstrip 
supply.
To increase flow of suburban housing, a Group Building Scheme was 
introduced in which builders constructed houses in groups of six or 
more. Houses that were unsold two months after completion were 
purchased by the state at a prearranged price. Some 20,000 homes 
were built under the scheme.31
29  Ben Schrader, We Call It Home: A History of State Housing in New Zealand (New 
Zealand: Raupo Publishing (NZ), 2005).
30  “Housing and Government – Te Ara Encyclopedia of New Zealand,” July 13, 
2012, accessed April 27, 2016, http://www.teara.govt.nz/en/housing-and-government/
page-3.
31  “Housing and Government – Te Ara Encyclopedia of New Zealand,”
18
dESIGNING THE POST-wAr STATE HOUSE
Following the failure of the original workers’ housing scheme of 1905 
and in the knowledge that state-provided housing overseas had often 
evolved into slums,32 the New Zealand government sought a new 
approach to the design of state houses. Variation was identified as key in 
avoiding the monotony and degradation of unsuccessful state housing 
schemes in the UK.33 Stand-alone houses that mirrored those of the 
private sector were imagined to sit quietly amongst their neighbours, so 
as not to be distinguishable from a privately owned dwelling. Detached 
houses on large areas of land were status symbols and the government 
subscribed to this idea by introducing state houses that matched 
this ideal, making the kiwi quarter acre dream accessible to all New 
Zealanders.34
The Labour government approached the New Zealand Institute of 
Architects (NZIA) and asked them to prepare 50 different floor plans, 
with ten different elevations of those plans.35 These designs were 
to incorporate some standardization for cost and time efficiency in 
construction, including standardization of stud heights and casement 
windows, but the houses themselves were to be noticeably distinct from 
one another. This resulted in over 400 different designs for detached 
state houses from architects in private practice.36 
The most popular style was derivative of the English cottage and the 
majority of built designs are reminiscent of the planning and form of this 
style. The floor plans were generally square and compact and houses 
were orientated to face the street, with front doors often in the street 
façade. Roofs were usually hipped or gable in form, with their ridge most 
commonly parallel to the street façade. Daylight and sunlight access 
were seen as important (in contrast to villa and bungalow predecessors) 
and habitable rooms were designed to receive daylight for at least part 
of the day, with north facing living rooms to receive the most sun.37
32  Ben Schrader, We Call It Home
33  Ibid
34  Abu Hoque, “Applicability of Increased Density for Housing: A Case Study of 
the Auckland Region.,” (Auckland: The University of Auckland, 2000), 27.
35  Julia Gatley, “Labour Takes Command”
36  Ibid
37  Ben Schrader, We Call It Home
19
Figure 11 1938 Labour election poster 
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Interior planning followed a typical formula, based around a hallway with 
rooms opening directly off it. In smaller houses, a front porch opened 
directly into the living room and then other rooms were accessed via a 
hallway that led off the living room. All rooms were distinct and separate 
and were designed for specific uses. The living room was designated by 
a fireplace and was the biggest room in the house, suggesting that it is 
the most important room. 
As Julia Gatley describes, the inherent sense of formality in the planning 
of these houses makes them more akin to Victorian and Edwardian 
villas than the more casual domestic building types that were common 
prior to the introduction of the state house  “In their architectural design 
generally, and in their retention of the hallway in particular, the early state 
houses can be described as conservative and even retrospective”.38
38  Julia Gatley, “Labour Takes Command”, 65
Figure 12 Basic house plan 
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The next design challenge was the layout of these houses within suburbs. 
With much empty land designated for new state house developments, 
the urban planning of these houses could be novel and experimental. 
The Department of Housing Construction was responsible for deciding 
how to configure the layout of new suburbs and was keen to adopt the 
idea of the Garden Suburb that was being employed across Europe and 
America.39 
Schemes consisted of up to 300 or 400 houses and made extensive 
use of loop roads, recessed courts and culs-de-sac.40 Grid formations 
for streets were avoided and a more curvilinear design for streets was 
favoured, to enhance the variety and visual interest in streetscapes.41 
Space was aplenty and houses were designed to have yards on all 
sides, with large front and back yards and a resulting density of four 
houses per gross acre.42 
Front yards were left unfenced to promote the image of a community 
garden and often side boundaries were unfenced. These schemes 
were described as “veritable garden suburbs” by the State Advances 
Corporation43 and were new and exciting in New Zealand. 
39  Elizabeth Donovan, “State House Revival: Sustainable Regeneration 
Strategies for Post-War Suburban State Housing in New Zealand,” (Chalmers University 
of Technology, Gothenburg, Sweden, 2014), 
40  Julia Gatley, “Labour Takes Command”,
41  Cedric Firth, State Housing in New Zealand (Wellington: Ministry of Works, 
1949).
42  Julia Gatley, “Going Up Rather Than Out: State Rentals in New Zealand 
1935–1949,” in At Home in New Zealand: Houses, history, people, ed. Barbara Brookes 
(Wellington: Bridget Williams Books, 2000).
43  “B-13 State Advances Corporation of New Zealand: Report and Accounts 
for the Year Ended 31st March, 1940,” in Appendix to the journals of the house 
of representatives, 1940-01-01 (n.p., 1940), http://paperspast.natlib.govt.nz/
parliamentary/AJHR1940-I.2.1.3.16.
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Figure 13 Typical housing layout 
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Figure 14 State housing construction in Naenae 
Figure 15 State house planning in Naenae 
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In contrast to the socially advanced ideas of these schemes was the 
rhetoric of the nuclear family evident in the designs of the houses. 
Housing priority was given to families with children and the house 
designs reflected this, with two to three bedrooms and large sections. 
Little consideration was given to other household make-ups that were 
becoming more common in the post-war period. Those not meeting 
these specifications were single people, single mothers, and those with 
large families.44 
It soon became clear that while the state-funded family home in the 
suburbs may have been widely shared, as a norm it was only so for 
married couples with no more than five children. The significance of this 
was highlighted in Nash’s New Zealand: A Working Democracy:
44  Gael Ferguson, Building the New Zealand Dream (Palmerston North, N.Z.: The 
Dunmore Press Limited, Palmerston North, 1994).
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“ I am a socialist in the 
sense that I believe that 
a major responsibility of 
Government is to provide 
collectively for the economic 
welfare and security of 
the individual. But I am 
conservative in the sense 
that I look upon the family as 
the foundation of the nation. 
I believe that no nation can 
prosper or progress whose 
people lack the conditions 
of a ‘home’ and ‘home life’ in 
the best and fullest meaning 
of those words… It is by the 
toil of their hands that men 
live and by the strength of 
the family that the race will 
continue    ”45.
45  Walter Nash, New Zealand: A 
Working Democracy (New York: Duell, 
Sloan and Pearce, 1944), 265
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The post-war state house has become a diagram of mid twentieth 
century society, with the plan distinctly divided into two realms: the 
woman’s working realm of the kitchen and laundry and the man’s realm 
of the living room and outdoors, which he cohabits with the children.46
While the suburban arcadia of government state house schemes 
supported women employed as housewives and men as breadwinners, 
society was moving further away from this “ideal”47 during World War 
II and the typical state house was becoming useful for fewer people. 
The government, however, continued to build these detached dwellings 
throughout the 1950s and 1960s in the belief that in a period of low 
population the supply of family houses would encourage New Zealanders 
to value and foster a family lifestyle, to the benefit of the country.48
46  Schrader Ben, “Planning Happy Families : A History of the Naenae Idea,” 
(Victoria University of Wellington, 1993), 71–72.
47  Julia Gatley, “Labour Takes Command”,
48  Schrader Ben, “Planning Happy Families : A History of the Naenae Idea,” 
(Victoria University of Wellington, 1993), 65
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Figure 16 Spheres of occupation in a post-war state house, shown in section
Figure 17 Spheres of occupation in a post-war state house, shown in plan
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SOcIETAL/ dEmOGrAPHIc cHANGES SINcE 
1950s/1960s
New Zealand’s social and demographic make up has changed 
considerably since these houses were designed in the mid twentieth 
century, meaning that the people that they were designed for exist in 
decreasing numbers. Our population and household structure is varied 
and there is no longer a “typical” household.  
One major trend is the ageing of our population; like many other countries, 
New Zealand is experiencing an increase in the number of people of 
older ages: this sector makes up a higher proportion of the population 
than ever before: Statistics show that the number of people aged 65 
and over has doubled since 1980 and it is predicted to double again 
by 2036.49 The ageing of our population will mean more households, 
following the trend of having fewer people per household, with an 
increase in the number of one-person and couple-only households.50  
As well as greater variation in age, New Zealand has greater variation 
in ethnicity, with increasing migration from a more diverse range of 
countries51. This means diversity in cultural values as well as family 
structure and the need for more flexible domestic arrangements. 
The definition of family has changed since the 1940s/ 1950s, with the 
nuclear family described as “an artifact of the twentieth century”.52
As the Ministry of Social Development (MSD) outlines, there is enormous 
diversity in family form in New Zealand today: “couples with children, sole 
parents, parents who don’t live with their children but are still involved, 
same sex couples (some with children), and many family members who 
have ties of support across households and generations”.53There is also 
diversity in family functioning, with varying degrees of parent involvement 
in childcare, from families who take complete responsibility for their 
49  Statistics New Zealand, How Will New Zealand’s Ageing Population Affect the 
Property Market?, (Wellington: Statistics New Zealand, 2013).
50  Ibid
51  Ministry of Social Development, New Zealand Families Today: A Briefing for 
the Families Commission, (Wellington: Ministry of Social Development, 2004), 23.
52  Roy Montgomery, “Spread Your Risk: Reconsidering the ‘Quarter Acre ’ Dream 
from an Evolutionary Perspective,” in Rodney Davies Research Symposium (n.p., 2015), 
https://www.planning.org.nz/Attachment?Action=Download&Attachment_id=3181.
53  Ministry of Social Development, New Zealand Families Today: A Briefing for 
the Families Commission, 6.
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Figure 18 Population aged 65+ 
Figure 19 Average number of people per dwelling 
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childcare needs themselves, to families who employ formal childcare 
providers or rely on the extended family for help with childcare.54 The 
state houses of the mid twentieth century were designed for a working 
father and a stay at home mother, but interaction of family in the home 
becomes more important today as families increasingly consist of two 
working parents, so time spent together in the home is more scarce 
and is of greater value. MSD states that “balancing the demands of the 
workplace and family life is a challenge for many families”.55
Statistics New Zealand describes a general trend towards having fewer 
people in each household and a smaller average household size, with 
average household size falling from 3.7 in 1951 to 2.7 in 2013.56 This 
decline in average household size reflects the increasing proportion 
of one-person and couple-only households, with most couple-
only households being empty-nesters. The number of one-person 
households is estimated to grow quickly due to the increasing number 
of older people, projected to make up 29 percent of all households in 
2031 (up from 23 percent in 2006).57
Divergent from this trend, many young New Zealanders are returning 
to or staying in the parental home for longer as the (un)affordability 
of housing pushes would be first-home buyers to consider different 
options.58 Where in the mid twentieth century offspring were expected 
to marry early and move out of the nuclear family home to find their 
own, now we are seeing more extended families in single households 
because children are forced to stay in the parental home and increasingly 
they start their own family in this household. 
54  Ibid
55  Ministry of Social Development, New Zealand Families Today: A Briefing for 
the Families Commission, 6.
56  Statistics New Zealand, How Will New Zealand’s Ageing Population Affect the 
Property Market
57  Ibid
58  Ministry of Social Development, New Zealand Families Today: A Briefing for 
the Families Commission, 34
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The nuclear family
The changing household
Figure 20 The changing household 
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HOw NEw ZEALANdErS USE THEIr HOmES 
NOw
As outlined above, these societal and demographic changes impact 
the way that we live and therefore affect the way that we consider our 
homes. The conventional New Zealand housing model is changing, 
from an expected process of: “living in the parental home, moving 
to rental accommodation, buying a first home, and then trading up 
homes as family and employment situations change”59, to a varied and 
unpredictable pathway. The diversity of our housing needs demands 
greater diversity and adaptability in the design and layout of our homes.
Increasing demand for housing- 
The noticeable growth in the number of households in New Zealand 
drives the demand for the number of houses. We are currently 
experiencing high demand that is not being met by supply,60 echoing the 
situation of the post-war period when state houses were being built in 
large numbers. Household growth exceeds population growth because 
of the trend towards smaller households. 
Increasing demand for communal dwellings – 
Our ageing population contributes to a projected increase in the number 
of people living in non-private, more communal dwellings (including 
retirement homes) so that they can receive the support that they need 
and retain a social lifestyle. As well as the ageing population, younger 
generations are also seeking more communal models of living to pool 
resources and make housing more affordable: “Those under-25 and 
over 65 years-old were more likely to prefer a smaller house, townhouse 
or apartment in the city/ town centre than other age groups”. 
As space and real estate become harder to access, models for 
communal living become more desirable. The current trend in extremes 
of household size – from large extended families to one-person 
households – encourages communal dwellings with shared facilities and 
shared public spaces. Furthermore, the increasing number of working 
parents suits communal dwellings to support shared childcare.
59  Statistics New Zealand, How Will New Zealand’s Ageing Population Affect the 
Property Market, 8
60  Ibid
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Appropriately sized housing – 
According to Quotable Value New Zealand (QVNZ), the average house 
size has grown from 117.5m2 in 1950 to 205.3m2 in 2010.61 This trend in 
the increasing of dwelling size has not been accompanied by section size 
growth “In the same time period, average section size has dramatically 
shrunk. As a proportion of land use, the typical… single storey 120m2 
house on a 1012m2 section (11.85% site coverage), has evolved into a 
house around 210m2 on a 450m2 site, (46% site coverage)”.62 As Roy 
Montgomery describes, the quarter-acre kiwi dream may have become 
a “more house less land” aspiration.63 The representation of the house 
as a status symbol is still relevant today but the size of the house has 
become more prominent; “We are now housing less people, in larger 
houses, on less land, and yet costing more money”.64 In the midst of a 
housing crisis, it is important that this is readdressed and that space is 
used more efficiently in order to be able to house more people. In his 
Masters thesis, Stephen Pattinson points out the possibilities of our 
existing, low density housing layouts through analysis and exploration 
of existing conditions: “four traditional 1000m2 (quarter-acre) lots can 
convert to 24 x 140m2 terrace house lots on the same overall land 
area”.65
61  “Average House Size by Age,” May 10, 2011, accessed July 3, 2016, https://
www.qv.co.nz/n/news-details/phoenix-78?blogId=62.
62  Guy Marriage, “Minimum Vs Maximum: Size and the New Zealand House,” 
in 2010 Australasian Housing Researchers’ Conference (Wellington, 2010), https://
www.academia.edu/3712795/Minimum_vs_Maximum_size_and_the_New_Zealand_
House_-_first_published_in_the_Australasian_Housing_Researchers_Conference_
Auckland_2010.
63  Roy Montgomery, “Spread Your Risk”, 1
64  Guy Marriage, “Minimum Vs Maximum”, 1
65  Stephen Pattinson, “Common Ground: Multivalent Communal Space In 
Medium Density Housing,” (Wellington: Victoria University of Wellington, 2012), 4
Figure 21 Ill-fitting houses for New Zealand household types 
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Outdoor space – 
State houses of the 1940s- 1960s had little connection to the outdoors 
and have been described as being conservative in their relationship with 
the garden.66 Little consideration was given to the indoor-outdoor living 
that New Zealanders identify with today. Although the outdoor space 
surrounding these houses is often extensive, little of it is used – front 
yards are seen as too public and side yards are too small to be useful.  
Research has found that outdoor space has a high impact on whether 
many households will choose medium to high density housing over 
low density housing: “only 6% of city residents would always prefer 
medium/high density housing, but another 60% of residents would 
prefer medium/high density housing if it had private outdoor space”.67 
This demonstrates the importance of private outdoor space to New 
Zealanders’ way of living.
66  Julia Gatley, “Labour Takes Command”, 65
67  Nadine Dodge and Ralph Chapman, Submission to the Wellington City Council 
on the Medium- Density Housing and Town Centre Plans, (Wellington: New Zealand 
Centre for Sustainable Cities, 2015), http://sustainablecities.org.nz/wp-content/
uploads/CSCsubmission-medium-density-Apr15.pdf.
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“ The first and most 
important aspect of New 
Zealandness is their 
relationship with the land. 
New Zealanders’ sense 
of self-definition is heavily 
bound up with love of the 
natural world…Early houses 
were often built heedless 
of sun and views, as the 
European ethos was that 
indoors was indoors, and 
outdoors was hostile, 
something to be firmly shut 
out. Now… “indoor-outdoor 
flow” is epidemic in real 
estate    ”68
68 Jane Clifton, “Choice, Bro,” 
Commentary, New Zealand listener, no. 
3660 (July 3, 2010), accessed June 6, 2016, 
http://www.listener.co.nz/commentary/
choice-bro/.
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analysis 
of existing 
patterns
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Figure 22 State house sketch
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Figure 22 State house sketch
40
Figure 23 Post-war state house distribution 
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SUrVEy OF STATE HOUSES
As intended in their design, no two post-war state houses are alike. 
The houses do, however, follow a general basic formula that can be 
identified by studying the houses.
To investigate this general formula and paint a picture of a “typical” post-
war state house, a street survey was conducted. This survey explores 
a sample of houses in Naenae, Lower Hutt and Glen Innes of Auckland; 
areas that were developed as state house suburbs in the housing boom 
following the war.
The survey reveals patterns in these state houses and gives insight into 
how they are used. Data from QVNZ has been coordinated with the 
street survey to give a more comprehensive idea of the post-war state 
house, including land size and building age.
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These houses demonstrate variation in elevation and layout but share similar roof forms, materials and 
window construction and size. Entrance doors are within recessed porches. Most have recessed porches 
at the front of the house; some have recessed porches at the side of the house.
This sample shows some duplex properties, with two dwellings in one building. These have two recessed 
Figure 24 State house sample, Fisk Street and Chapman Crescent, Naenae
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porches for entrances and they show variation in layout and elevation.
Houses in this selection were mostly built between 1949 and 1950. This selection shows houses with 1 
bedroom to 4 bedrooms.
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Again, these houses show variation in elevation and layout. This selection includes more houses with a 
square plan, with a hipped roof and the roof ridgeline perpendicular to the street. This type often has side 
entrances, through a recessed porch. Windows are the same construction and size and there is a common 
material palette of weatherboard/ brick cladding and clay tile roof. 
Figure 25 State house sample, Chapman Crescent and Hewer Crescent, Naenae
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The Chapman Crescent properties were built between 1946- 1950 and Hewer Street properties in this 
selection built between 1947- 1949. This selection shows houses with 2 bedrooms to 4 bedrooms. 
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Hewer Crescent again demonstrates the expected variation in elevation and layout, but there are common 
types that appear. The square plan appears in this sample, but with the roof ridgeline parallel to the street. 
These houses mostly have side entrances, through recessed porches. There are more duplexes in this 
sample, with two dwellings in one building. These are an elongated version of the square plan types, with 
Figure 26 State house sample, Hewer Crescent, Naenae
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two recessed porches - most common on the front of the house. Sometimes these porches are on the side 
of the house, depending on the interior layout. There is a common material palette and windows are the 
same construction and sizes. This selection shows houses built between 1945 and 1950, with the majority 
built in 1948. Number of bedrooms varies from 2 to 5. 
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This selection shows many square plan types, with ridgelines both perpendicular to the street and parallel 
to the street. Many of the entrances are at the side of the house, through recessed porches. The common 
material palette is demonstrated in this selection, with mostly weatherboard-clad houses. There are no 
duplex types in this sample. All houses were built in 1950 and have 2 to 3 bedrooms. 
Figure 27  State house sample, Chiltern Crescent, Glen Innes
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Figure 28  Window samples
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Figure 29  Entrance samples
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Figure 30 Cladding swatches
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Figure 31 Roof samples
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THE TyPIcAL POST-wAr STATE HOUSE
57
600 - 1000m2
80 - 105m2
2-3 bedrooms
30-40° pitch
clay tile, asbestos-cement, 
shingle or corrugated sheet 
roofing
shallow, boxed 
eaves
small, multi-
paned, timber 
framed casement 
windows
recessed front 
and rear porches
bevel-back 
weatherboard, 
brick veneer, 
stucco or 
Fibrolite 
(asbestos-
cement sheet) 
cladding
hip or gable roof
Figure 32  Identifying features of a post-war state house
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SPATIAL mAPPING
In order to understand the disparity between the design/ layout of these 
post-war state houses and how New Zealanders use their houses today, 
a selection of “typical” post-war state houses (as illustrated in Cedric 
Firth’s State Housing in New Zealand69) has been analysed through the 
use of spatial mapping. 
These maps illustrate the relationships between zones in the houses 
and demonstrate use and level of privacy.
As outlined previously, these houses were inward looking and private. 
The spatial mapping explores this in visual form and shows clustering 
of spaces in the private realm. Schrader’s concept of gender “spheres” 
is apparent in this mapping, with the man’s sphere centred in the multi-
user zone and the woman’s sphere in the individual use zone. 
69 Cedric Firth, State Housing in New Zealand
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Occupants:  4
Floor area:  78 m2
m2 per person: 19.5
Kitchen:  Separate kitchen with meals recess. Laundry  
   accessed off kitchen. South facing.
Bathroom:  Combined WC and bathroom. South facing.
Bedrooms:  Two occupants each. North facing
Living:   Built-in fireplace. North facing. Corner windows.
HOUSE ONE - two bedroom, side entrance
Figure 33 House one plan 
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Figure 34 House one spatial map
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Occupants:  6
Floor area:  97.5 m2
m2 per person: 16.25
Kitchen:  Separate kitchen with meals recess. Southern  
   corner. 
Bathroom:  Separate WC and bathroom, separated by 
   laundry. South facing.
Bedrooms:  Two occupants each. Two north facing, one  
   south facing. 
Living:   Entry from porch into living room. Hallway off  
   living room. Built-in fireplace. North facing. 
   Corner windows.
Private
Semi-private
Semi-public
Public
Multi-user         Dual-user     Individual
WC Bathroom
Living
Hallway
Dining
Bedroom 1 Bedroom 2 Laundry
Kitchen
Front porch
Rear porch
Front garden
Street
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HOUSE TwO - three bedroom, entry through living room
Figure 35 House two plan 
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Figure 36 House two spatial map
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Occupants:  6
Floor area:  97 m2
m2 per person: 16.17
Kitchen:  Separate kitchen with meals recess. Rear porch  
   accessed off kitchen and laundry off porch.  
   North/east.
Bathroom:  Separate WC and bathroom (adjacent). South  
   facing.
Bedrooms:  Bedrooms along western side. Two occupants  
   each. Smallest bedroom accessed off living.
Living:   Built-in fireplace. North facing. Smallest bed 
   room accessed via living room.
   
HOUSE THrEE - three bedroom
Figure 37 House three plan 
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Figure 38 House three spatial map
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Occupants:  8
Floor area:  130m2
m2 per person: 16.25
Kitchen:  Separate kitchen with meals recess. North/ east.  
   Rear porch accessed off kitchen and laundry off  
   rear porch.
Bathroom:  Separate WC and bathroom (adjacent).South  
   facing.
Bedrooms:  Two occupants each. Two north facing, two  
   west facing. 
Living:   Built-in fireplace. North-west corner. 
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HOUSE TwO - four bedroom
Figure 39 House four plan 
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Figure 40 House four spatial map
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Occupants:  4
Floor area:  96m2
m2 per person: 24
Kitchen:  Separate kitchen with meals recess. North/ east.  
   Laundry accessed off kitchen and rear porch off  
   laundry.
Bathroom:  Separate WC and bathroom (adjacent).South  
   facing.
Bedrooms:  Two occupants each. One north facing, one  
   south/ west facing. 
Living:   Built-in fireplace. North-west corner. Corner 
   windows.
   
HOUSE FIVE - two bedroom, front entrance
Figure 41 House five plan 
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Figure 42 House five spatial map
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typical 
details
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Figure 43 Typical window head detail 
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wINdOw dETAIL
Timber framed casement window, single 
glazing.1
Mostly two types: 54 x 24” (1350 x 600 mm), 
three-pane, or 39 x 24” (990 x 600 mm), two-
pane.2
Some side-opening casements, some split-rail 
construction: fixed bottom section with a top-
hinged opening sash, some fully-fixed sashes.3
Toilets and bathrooms have windows with 
opaque glass. Other windows have 22 x 16” 
(550 x 400 mm) clear glass. 
Three or four, three-pane windows commonly 
found in living rooms and bedrooms.
Three or four, two-pane windows common in 
kitchens
Two-pane single or double windows in 
bathrooms, toilets and laundries. 
Timber sashes and frames: rimu, redwood or 
western red cedar. 
R value = 0.22m2K/W
1 “Windows, Doors and Other Joinery,” 2016, 
accessed May 15, 2016, http://www.renovate.org.
nz/1940-60s/windows-doors-and-other-joinery/.
2 Ibid
3 Ibid
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Figure 44 Typical wall framing detail 
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wALL dETAIL
Timber framed walls, unsinsulated.
Pinus radiata and Douglas fir used as well as 
native timbers for framing
Wall framing consists mostly of 4 x 2” size 
components.
Cladding usually weatherboard, brick veneer, 
asbestos or stucco cladding 
R value = 0.60m2K/W
76
Figure 45 Typical roof detail 
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rOOF dETAIL
Nailed timber hip or gable roof frame, normally 
constructed on site.
Simple roof form, usually with a pitch of 30° to 
40°.
Roof cladding usually asbestos-cement sheet 
or clay tile. Sometimes corrugated steel.
Rafters are rough sawn 4 x 2” (100 x 50 mm) or 
5 x 2” (125 x 50 mm), typically spaced at 20” 
(480 mm) centres. Ridge boards are typically 6 
x 1” (150 x 25) or 8 x 1” (200 x 25 mm).4
Either lined with sarking (with asbestos-cement 
shingle roofing) or has purlins (with corrugated 
asbestos-cement sheet roofing), or battens 
(with tile roofing, to support and secure tiles).
Narrow eaves, usually 300mm wide.
R value = 0.27m2K/W
4 “BRANZ Renovate - Roofs,” 2016, accessed May 
15, 2016, http://www.renovate.org.nz/1940-60s/roofs/.
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Figure 46 Typical floor detail 
79
FLOOr dETAIL
Tongue-and-groove timber flooring on timber 
joists.
4 x 3” (100 x 75 mm) or 5 x 3” (150 x 75 mm) 
bearers, on piles over a damp proof course.1
Framing usually 4 x 2” (100 x 50 mm) or 5 x 2” 
(125 x 50 mm) joists at 16–19” (400–480 mm) 
centres over bearers.2
Concrete perimeter foundation. 
Rimu or matai, tongue and groove floorboards, 
25/32” (19.8 mm) thick3 and 3½, 4½ or 5½” (90, 
115 and 140 mm) wide. Double-nailed fixing to 
every joist.
R value = 0.74m2K/W
1 “BRANZ Renovate - Floors,” 2016, accessed 
May 15, 2016, http://www.renovate.org.nz/1940-60s/
floors/.
2 Ibid
3 Ibid
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PART TWO
the solution
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THE cASE FOr rETrOFIT
As much as it may seem easier and more cost effective to build new 
homes, we have a large number of existing, structurally sound homes in 
New Zealand that need to be addressed – they cannot just be ignored in 
favour of building new. Many would suggest demolishing these houses, 
but it is not feasible or sustainable to demolish all houses of this type: 
the scale of this problem, caused by under-investment in programmed 
maintenance and retro-fitting, is greater than the NZ building industry 
could manage. 
A series of reports by BRANZ outlines the benefit of retrofitting rather 
than demolishing, concluding that from a life cycle cost perspective 
it is more beneficial to extend the lives of 1950s and 1960s houses 
through extensive renovation using sustainability features, rather 
than demolishing and rebuilding them.70 The reports find that the 
redevelopment of detached houses to multi-unit configurations is better, 
from a life cycle and total energy use perspective, than maintaining 
these detached houses.71
There has been little done to improve the condition of existing state 
houses with regards to energy efficiency and spatial suitability and there 
is now an urgency to explore retrofit options to upgrade the existing 
stock and provide benefits on social, private and environmental levels.
70 I C Page and J Fung, “Housing Life Cycle and Sustainability Part One,” BRANZ 
Study Report, no. 214 (2009), accessed March 27, 2016, http://www.branz.co.nz/
cms_show_download.php?id=036642f3725e8c62f7dd93a56de25a373df59294.
71 Ian Page, “Housing Life Cycle and Sustainability Part Two,” BRANZ Study 
Report, no. 235 (2010), accessed May 14, 2016, http://www.branz.co.nz/cms_show_
download.php?id=fc6bce912c028c19b81fd5e2eb123e0a53e7e987.
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design 
criteria
86
87
SPATIAL mAPPING - THE IdEAL
Following on from the spatial mapping of existing post-war state houses, 
an exploration into what an ideal spatial map would be was undertaken.
These tested relationships between spaces and variations in degrees of 
privacy, to find appropriate spatial relationships that could be translated 
into interior layouts. 
A key driver in these tests was the exploration of relationships between 
public spaces and private spaces and connections with outdoor spaces; 
both between one outdoor space and another and between outdoor 
space and indoor space.
The outcomes demonstrate a shift in spatial organisation, with more 
spaces that are semi-public and better distribution of outdoor spaces. 
In a multi-unit configuration, there would be more spaces in the public 
and semi-public realm, with communal areas and shared facilities having 
an impact on the design. 
The outcomes of this inform design criteria and further spatial testing.
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Figure 47 Testing spatial organisation - the ideal (layout 1) Figure 48 Testing spatial organisation - the ideal (layout 2)
Figure 49 Testing layout 1 Figure 50 Testing layout 2
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Figure 51 Testing spatial organisation - the ideal (layout 3) Figure 52 Amalgamated spatial maps to show 
commonalities
Figure 53 Testing layout 3 Figure 54 Amalgamated layouts to show commonalities
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the	need	for	sPace	—-	extents	and	lImIts—
As previously outlined, the spatial configuration of existing post-war 
state houses do not match the lifestyle of today’s New Zealanders and 
do not reflect the needs of how we live now. Roy Montgomery discusses 
the implications of an “average” New Zealand dwelling in terms of space 
allocation per person:
“Starting with the domestic dwelling structure, according 
to Quotable Value New Zealand figures for the year to 
February 2015 the average building floor area was 185m2 
on a section size between 450m2 and 500m2. Nominally, a 
family of four would have 46.25m2 internal space per person 
if they lived separate lives (thinking of it in terms of a 6.7m 
x 6.7m area, slightly larger than the average double garage 
gives an idea of individualised space). But families rarely 
lead separate lives so, assuming, for argument’s sake, 
the availability of a separate bedroom of 12m2 for each 
individual then they must share constantly the remaining 
137m2 (say, a 10m x 13m internal space to illustrate the 
area as a whole). In terms of outdoor space, and assuming 
a relatively generous 500m2 standard suburban land unit, 
a four-person household would have just over 91m2 (9m x 
10m) if individualised or 365m2 collectively (say, 20m x 18m 
or slightly less than the playing area of an outdoor netball 
court).”72
72  Roy Montgomery, “Spread Your Risk”, 10
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Montgomery argues that these spatial allocations are small, but in 
relation to the way many New Zealanders are living amidst our current 
housing crisis, they are quite generous. For each individual to have a 
room of 12m2 is considered a luxury unobtainable by many. Minimum 
sizes for dwellings vary according to the different perceptions of quality 
housing and there are no regulations to regulate minimum sizes in New 
Zealand, but design guides can be used as a reference. 
The Auckland Unitary Plan for Suburban Mixed Housing, when referring 
to minimum dwelling size, instructs that one must “ensure dwellings 
are of usable size”, with Studio units a minimum of 30m2 (1 person); 
one bedroom units a minimum of 45m2 (2 people); two bedroom units 
a minimum of 70m2 (3-4 persons); three bedroom units a minimum 
of 90m2 (4-6 persons).73 If these areas are divided by the number of 
occupants, this gives a minimum of 15m2 internal space per person. 
Or, if using Montgomery’s system above, individuals are allocated 
12m2 each plus approximately 30m2 to share amongst all of them. It 
is unrealistic to attempt to adhere to these rules for all applications, as 
families and household structures differ in many ways. What is more 
important is providing varied and flexible space that can be adapted to 
a range of uses. 
As Jennifer Hudson points out in “Design for Small Spaces”, “Small 
space living is no longer a lifestyle choice but a necessity in most 
cosmopolitan cities around the world where property is expensive and 
at a premium”.74
We are currently seeing a “small house movement” in developed 
countries, as house and land prices become out of reach and people 
become more aware of over-exploitation of resources. This gives rise to 
many interesting precedents in terms of space allocation; people testing 
the boundaries of how much individual space they need. The most 
successful examples play with volume to enhance vertical space when 
horizontal space is limited, and they demonstrate enticing relationships 
with outdoor spaces to make habitable space feel like it extends beyond 
the dwelling’s walls. 
73  Auckland Council, Proposed Auckland Unitary Plan: Fact Sheet, Council’s 
Position December 2015. Mixed Housing Suburban Zone, (Auckland: Auckland Council, 
2015), http://www.aucklandcouncil.govt.nz/EN/planspoliciesprojects/plansstrategies/
unitaryplan/Documents/Zoning/paupfsmixedhousingsuburbanzone.pdf.
74  Jennifer Hudson, Designs for Small Spaces (London, U.K.: Laurence King 
Publishing, 2010). 
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Japanese architecture is often used as precedent for small dwelling 
design. In discussing the design for Itami House, Tato Architects talks 
of the utilization of furniture to define zones in small spaces, allowing the 
inhabitant to occupy the space as they need: 
“In this house, architectural elements such as stairs, a 
laundry space, closets, hand rails and toilets are made 
as if those are furniture. Except for those, there are only 
floors. As such, architecture and furniture are mingled and 
those meanings become relative [to] each other, in which 
way I keep trying to create freedom in rooms… I think it 
is favourable for a house to have such a scale of physical 
bodies.”75
In this project, built-in furnitures become the defining elements for 
space, suggesting use but not enforcing it. Of course, the plumbed 
areas (kitchen and bathroom) are fixed but otherwise different zones are 
created, offering a range of spatial qualities that can be adopted for a 
variety of uses. Outdoor spaces become part of this overall idea, offering 
varying degrees of “outdoor-ness” and seem to be rooms in themselves 
that can be occupied in many ways. The project demonstrates 
successful manipulation of volume, offering staggered voids to allow 
spaces to feel larger.
75  Tato Architects, House in Itami / Tato Architects, ArchDaily, September 4, 2013, 
August 3, 2016, http://www.archdaily.com/423671/house-in-itami-tato-architects.
93
Figure 55 Furnitures to define space in Itami House Figure 56 Furnitures to divide space in Itami House 
Figure 57 Outside spaces as an extension of indoor space in Itami House 
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the	need	for	energy	effIcIency	—
Poor quality housing increases energy consumption, which increases 
C02 emissions and contributes to climate change. 
According to the Sustainable Business Council New Zealand, a large 
portion of New Zealand’s existing homes perform poorly in terms of 
energy efficiency.76
In New Zealand, houses account for 13% of the country’s total energy 
use. In an average house, 34% of energy is used on space heating 
and 29% is used on water heating. A New Zealand household typically 
spends approximately $2000 annually on energy and produces two 
tonnes of C02 in just one year.77
Energy efficiency regulations (including the requirement for insulation) 
did not come into effect until 1978, so most 1940s-1960s state houses 
will have no insulation at all.78 This, in conjunction with poor airtightness, 
means that these homes suffer great heat losses and become very 
difficult to keep warm, dry and free of mould and rot. 
Improving energy efficiency is one of the most useful and cost-effective 
ways to mitigate high energy prices, lack of energy security, air pollution 
and global climate change.79 Improving energy efficiency means that 
houses are also warm and comfortable to live in, which improves the 
health and wellbeing of occupants. 
76  New Zealand Business Council for Sustainable Development, “Better 
Performing Homes for New Zealanders: Making it Happen”, (Auckland: New Zealand 
Business Council for
77  “HEW Energy Use,” NZ Home Energy, 2008, accessed April 11, 2016, http://
www.physics.otago.ac.nz/eman/hew/ehome/energyuse.html.
78  “1940-60s Insulation,” BRANZ Renovate, 2016, accessed May 17, 2016, 
http://www.renovate.org.nz/1940-60s/insulation/.
79  Julie Gillespie-Bennett et al., “Improving Health, Safety and Energy Efficiency 
in New Zealand Through Measuring and Applying Basic Housing Standards,” The New 
Zealand Medical Journal 126, no. 1379 (2013), accessed September 17, 2016, https://
www.nzma.org.nz/journal/read-the-journal/all-issues/2010-2019/2013/vol-126-
no-1379/view-gillespie-bennett.
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“Sustainable” architecture is becoming common practice and with this 
comes the need for consideration of energy efficiency and how buildings 
perform over their lifetime. Energy efficient retrofits are less common 
than new builds but many countries are demonstrating innovative ways 
of approaching deep energy retrofits to bring existing stock up to par 
with these new builds. 
The Illawarra Flame House by The University of Wollongong is exemplary 
in its use of retrofitted parts to increase energy efficiency of an existing 
house. The project emphasises water efficiency, solar energy harvesting, 
passive design and advanced ventilation systems to turn an existing 
inefficient home into a net-zero energy home for the future.
Similarly, Dutch company Energiesprong are reinventing retrofits in 
Europe by developing an industrialised solution to energy upgrades 
of existing houses. Refurbishment takes from a week to ten days and 
is financeable from savings in energy costs. The resulting retrofitted 
homes are attractive and comfortable and are net-zero energy with long 
performance warranties.
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Figure 58 Illawarra Flame House; existing and new 
Figure 59 Energiesprong retrofit system 
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THE NEEd FOr PrIVAcy 
The post-war state house can be seen as introverted and private, with 
all four walls closed off from the outside world. The transition between 
indoors and outdoors/ private and public is in the form of a recessed 
porch – a distinct boundary with a clear threshold. Modern day New 
Zealanders favour a more ambiguous relationship between private and 
public spaces and between indoors and outdoors. 
The Wellington Residential Design Guide’s guidance for privacy of 
internal spaces is as follows: 
“Position windows or otherwise restrict or direct outlook so 
that the short-range view from one dwelling is not directly into 
the main internal living areas of any neighbouring dwellings 
both within the development, or on adjacent sites…Position 
windows adjacent to public or communal areas to minimise 
loss of privacy from passers-by looking in, while still letting 
people inside look out.”80 
Privacy is key in the success of domestic environments and the enjoyment 
of inhabitants but by providing varying degrees of privacy and views, 
environments become more interesting. Post-war state houses sought 
to promote community in their design but in fact created distinct public 
and private realms, with little interaction between the two. Much can be 
learnt from these mistakes and a privacy spectrum can be employed to 
promote interaction within and between communities. 
80  Graeme McIndoe, Residential Design Guide, (Wellington: Wellington City 
Council, 2014), http://wellington.govt.nz/~/media/your-council/plans-policies-and-
bylaws/district-plan/volume02/files/v2residential.pdf?la=en
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In the Salou housing project by Toni Gironès Architects, privacy becomes 
important to inform use and quality of spaces. Screening devices are 
used extensively to offer varying degrees of privacy.
“Territory is a physical space to be established, and the 
formal result usually responds to an imposed disposition... 
The proposal wonders about the intermediary spaces, 
the transitions, the threshold… like a bridge or a link to 
establish continuity and no stagnation, trying to open 
significantly and conceptually the limits between different 
realities. Consequently, the project proposes a pattern with 
various intervention scales, with a social housing program 
which develops its relationship proprieties, by building 
an architecture thought as a support and close to users’ 
reality... At the same time, entries and community spaces 
are perceived as relationship spaces, intermediate zones 
between the dwellings and the external space. Therefore, 
we can conceive the walkway as a transition element... 
Consequently, we consider the dwelling to be porous and 
passing, as an element which coordinates the relationship 
between private and public external spaces.”81
81 “80 Viviendas de Protección Oficial En Salou / Toni Gironès,” Arch Daily, May 
22, 2014, accessed June 25, 2016, http://www.archdaily.com/507784/80-viviendas-
de-proteccion-oficial-en-salou-toni-girones.
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Figure 60 The walkway as a transition element Figure 61 Use of privacy screens
Figure 62 Porosity between public and private spaces
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103
the	need	for	outdoor	sPaces	—
As discussed, the existing state houses of the 1940s-1960s made little 
effort in providing inspiring or interesting/ varied outdoor spaces. Every 
house was on a section of approximately the same size and little of the 
lawn space outside was actually utilised to its full potential. It is better 
to have small, well-formed outdoor spaces than vast expanses of grass 
that are unused and difficult to maintain. Outdoor spaces can invigorate 
and inspire and can add life to otherwise grim built environments, 
especially in medium and high densities.82 
Recent research has been investigating just how important these outdoor 
environments are and has found that we should all spend at least 30 
minutes a day in outdoor spaces to reduce depression.83 Transitions 
between indoor and outdoor spaces should be stepped and gradual, 
providing varying degrees of indoors and outdoors – this is how New 
Zealanders aspire to live and fits with the modern kiwi lifestyle dream. 
The cliché of indoor-outdoor flow is integral to the way many New 
Zealanders live in their homes today. We are proud of our natural 
landscapes and want to feel connected to them, even when we are 
indoors, “For the last 60years, Kiwi architects have adopted a similarly 
optimistic vision of how we might live in New Zealand and they have 
designed houses that maximise the potential for a lifestyle that flows 
seamlessly between inside and outside and makes the most of our vivid 
landscapes.”84
82  Katrina Gray, “Are Outdoor Spaces Important? An Investigation into the 
Provision of Outdoor Space for Medium Density Housing Developments,” (Dunedin: 
University of Otago, 2013).
83  Danielle Shanahan, “Zealandia’s New Manager Danielle Shanahan,” by Kathryn 
Ryan, Nine to Noon, Radio New Zealand, Wellington, 2016, Radio Interview, http://
www.radionz.co.nz/national/programmes/ninetonoon/audio/201814143/zealandia’s-
new-manager-danielle-shanahan.
84  “Herbst Architects Q&A,” accessed May 17, 2016, http://herbstarchitects.
co.nz/q-and-a.
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Katrina Gray discusses the importance of outdoor space in medium 
density design: 
“Provision of a large private outdoor space has been a key 
feature of housing development in New Zealand in the past. 
Criticisms of medium density housing often cite the lack 
of private outdoor space as a negative feature of this type 
of development… Medium density housing development 
has also given rise to an alternative outdoor space form, 
communal outdoor space.”85
“Private outdoor spaces are now considered by many 
residents to be ‘outdoor rooms’ and are designed to be 
integrated with internal living areas. The main living area of 
the dwelling is designed to flow directly onto the private 
outdoor space, whilst, glass and sliding doors are used to 
further connect the areas. These design aspects are blurring 
the lines between inside and outside, creating connections 
between the two areas and increasing the usability of private 
outdoor spaces.”86 
Herbst Architects in Auckland are particularly successful in embracing 
this relationship between indoors and outdoors. Their bach designs often 
suggest an ambiguity between what is indoors and what is outdoors; 
appealing to the New Zealand keenness for varying degrees of outdoor 
living. Their Te Modular design demonstrates this well, as a “design for a 
bach that distilled all of [their] thinking into a small bach model”87; in this 
project that captures the essence of New Zealand living, an “outdoor 
room” sits at the core of the building, connecting indoors to outdoors 
and the inhabitant with the landscape, through varying degrees of 
shelter and exposure. 
85 Katrina Gray, “Are Outdoor Spaces Important? An Investigation into the 
Provision of Outdoor Space for Medium Density Housing Developments,” (Dunedin: 
University of Otago, 2013)., 3
86 Ibid., 21
87  “Herbst Architects - Te Modular,” accessed May 17, 2016, http://
herbstarchitects.co.nz/projects/te-modular.
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Figure 63 Outdoor room in Te Modular Figure 64 Ambiguity between outside and inside
Figure 65 An internal courtyard or an outdoor room
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the	need	for	flexIbIlIty	
Variety in demographics demands variety in built spaces in order to meet 
the needs of all New Zealanders. An appropriate way to achieve this is 
by providing flexible spaces that can be adapted by their users to meet 
individual needs. As well as flexibility to support diverse communities, 
integration is key in ensuring that these communities thrive. Multiple 
housing areas cannot only accommodate one user group; by designing 
for integration of many demographics, the environment becomes varied 
and the community vibrant. Rather than being segregated, different user 
groups should be intertwined with one another, allowing a mutualistic 
relationship to form between residents and the built environment. 
We have already seen how the post-war state houses, which were 
designed for one specific user group (the nuclear family) have failed 
in today’s world – state houses of this nature lend themselves to 
undesirable conditions. By integrating many users in one area, these 
conditions can be avoided and a more dynamic situation created. 
“The arguments for flexible housing are compelling. Socially, 
it empowers the user to take control of their own dwelling, 
either by making choices prior to final construction or else 
over the lifetime of the home. Demographically, it enables 
housing providers to adjust to new living patterns and 
configurations of users. Economically, it avoids obsolescence 
and costs involved in reconfiguration or refurbishment.”88
88  “Flexible Housing,” Flexible Housing, 2004, accessed May 11, 2016, http://
www.afewthoughts.co.uk/flexiblehousing/about.php.
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Henning Larsen’s Adaptable House demonstrates the use of parts to 
provide flexible arrangements that can change with the occupants’ 
needs.
“The Adaptable House centres around flexibility and 
identifies how a flexible design of a single-family house 
can save time, resources and CO2 in connection with 
conversions and extensions... The house can be adapted 
to new life patterns, ranging from family increases to new 
aesthetic requirements. In the adaptation process, the need 
for new materials is minimised – and in many cases, large 
conversions or extensions can be avoided and replaced by 
a changed spatial and functional layout... In the design of 
the house, adaptability is coupled with an overall vision to 
reduce CO2 emissions.”
89
89 “The Adaptable House: Henning Larsen Architects,” accessed June 5, 2016, 
http://www.henninglarsen.com/projects/1200-1299/1207-the-adaptable-house.aspx.
109
Figure 66 Flexible parts of Adaptable House 
Figure 67 Adaptability in configurations of Adaptable House  
Figure 68 Walls as partitions in Adaptable House 
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A VISION FOr THE SOLUTION
Through analysis of the existing post-war state house (how they were 
designed) and direct comparison with contemporary New Zealand 
society (why they don’t suit our needs today), the following criteria for 
retrofit have been defined:
-Spatial efficiency
-Energy efficiency
-Privacy 
-Connection to the outdoors 
-Flexibility
These collages demonstrate ideas for addressing these design criteria 
and experiment with spatial qualities of the ideas explored. 
Spatial efficiency, flexibility, privacy and connection to outdoors all 
become integrated and these criteria can be used in coordination with 
one another to produce successful outcomes. 
The design criteria can be further defined as 
1. Spatial qualities
2. (Energy) Performance qualities 
These are explored in more detail in the following sections of this 
document.
Figure 69 Exploration of degrees of privacy through indoor and outdoor spaces
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Figure 70 Exploration of flexibility of spaces, with furnitures to define use
Figure 71 Exploration of indoor and outdoor spaces to inform each other and offer public and private spaces
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initial tests
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STATE HOUSE AS A mOdULE
Initial spatial tests looked at a “typical” 1950s state house as a module. 
The four exterior walls of the house were considered the boundaries of 
the module and interior space was tested through division, addition and 
multiplication of this module. This was further segmented into testing 
the room as a module, the dwelling as a module and the building as a 
module. 
This is a diagrammatic exercise to explore and challenge the boundaries 
of space within existing post-war state houses. By dividing houses into 
smaller units, the need for more single occupancy dwellings can be 
addressed, while utilising the resources that these existing buildings 
provide. Conformity of division in spaces is challenged and boundaries 
are pushed, to explore possibilities of every corner of the post-war state 
house.
Addition of two (or more) state house modules provides more flexibility 
in the range of configurations available: the resulting floor area of two 
combined houses can then further be divided into one large unit for an 
extended family and one small unit for a single individual. As discovered 
through research, there is a need for more diversity in dwelling 
configurations so the addition of modules is a useful exercise in seeking 
new ways of allocating space to separate units. 
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sPatIal	testIng—	-	dIVIsIon
Figure 72 Dividing the state house
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1:1 (approx. 48m2 each)
Figure 73 Dividing the state house into two equal parts
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1:3 (approx. 24m2:72m2)
Figure 74 Dividing the state house into two parts; one quarter to three quarters
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1:1:1 (approx. 32m2 each)
Figure 75 Dividing the state house into three equal parts
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1:2 (approx. 32m2:64m2)
Figure 76 Dividing the state house into two parts; one third to two thirds
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1:1:1:1 (approx. 24m2 each)
Figure 77 Dividing the state house into four equal parts
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1:1:2 (approx. 24m2:24m2:48m2)
Figure 78 Dividing the state house into three parts; one quarter, one quarter, two quarters
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SPATIAL TESTING - AddITION
Figure 79 Adding state houses
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1:1:2 (approx. 48m2: 48m2: 96m2)
Figure 80 Adding two state houses (end to end) and internally dividing into two units
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Varied
Figure 81 Adding two state houses (side by side) and internally dividing into two or more units
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cOLONISING SPAcE
To test the success of these geometric layouts, zones within them were 
allocated functions. This enables the geometric layouts to be assessed 
in terms of functionality and suitability. 
Proximities between spaces and relationships between rooms are 
tested and assessed. In general, successful layouts are identified by the 
following criteria:
Bedrooms are on outer walls to receive daylight; the bathroom is in close 
proximity to the bedroom; the kitchen and bathroom share services; 
dining in or near kitchen and living room alongside the kitchen, along an 
external wall.
These diagrammatic exercises were then further defined through the use 
of more detailed layouts. From these internal modules were designed, 
as outlined later in the text.
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Figure 82 Testing geometric layouts by assigning uses
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Figure 83 Original internal layout Figure 84 Original internal layout removed, internal pods 
added = three units
Figure 85 Original internal layout removed, internal pods added 
= three units
Figure 86 Original internal layout removed, internal pods 
added = two units: one large unit, one small unit
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Figure 87 Testing and exploring layouts with furniture blocks
Figure 88 Exploring internal layouts through sketching and furniture blocks
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Figure 89 Exploring internal layouts through sketching and furniture blocks
Figure 90 Deducing bathroom and kitchen layouts to 
modules
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Figure 91 Testing accessibility and flexibility of layouts - converting two units to one large unit
Figure 92Testing flexibility of layouts - converting two units to one large unit
Figure 93 Two studio units combine to form one family unit. Spaces are flexible and can be occupied in various ways
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Figure 94 Exploring how outdoor spaces inform internal layouts Figure 95 Testing outdoor space to connect units and 
offer varying degrees of privacy
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Figure 96 Varying degrees of privacy to inform internal layouts and experiments in porosity and screening
134
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SPATIAL TESTING - mULTIPLIcATION
Figure 97 Multiplying the state house
136
Terrace/ Row 
Figure 98 Terrace arrangements
137
Radial
Figure 99 Radial arrangements
138
Courtyard
Figure 100 Courtyard arrangements
139
Cluster
Figure 101 Cluster arrangements
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Figure 102 Testing arrangements with models
Figure 103 Configurations of connections between units Figure 104 Conceptual sketches of connections between units
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In these exercises, the post-war state house module is simplified to a block, representative of its external 
wall dimensions. This allows experimentation in vertical arrangements of the module, through stacking and 
staggering of the blocks. These exercises began as 3D representations of the multiplication of modules 
explored in 2D. Through further exploration, the use of staggering (along both axes) was identified as useful 
in offering appropriate sunlight access and outdoor space to all units. 
Throughout these exercises, the use of the existing roof is compromised. This adversely affects the 
architectural impact of the arrangements because the roof is identified as key in the character of the post-
war state house.
Figure 105 Three dimensional testing of layouts through stacking and staggering
Terrace Terrace
Stagger x
Stagger y
Stagger x + y
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Courtyard Radial
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STrUcTUrAL TESTING
Following conceptual tests of stacking house units vertically, structural 
concepts were explored to test the viability of these options. The use 
of a post and beam system was investigated and it was found that 
models that used staggering along both the x and y axes were more 
complicated structurally than only staggering along one axis. This is 
due to the need for structural columns at corners of each unit, which 
would need to penetrate the units below. This is seen as too intrusive 
and expensive for this project.
Staggering along only one axis is less complex because no penetrations 
need to be made, but when using existing units the roofs need to be 
removed and replaced with flat roofs, which compromises the original 
post-war state house and adds time, cost and materials. 
To simplify this, a module was developed that can be used for stacking 
an existing unit on top of a new unit. This extension pod is constructed 
with structural integrity so that it can be employed in various formats: 
a post and beam system is contained within the pod and supports any 
structure above. 
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Figure 106 Structural modelling of units staggered along two axes
Figure 107 Structural modelling of units staggered along one axis
Figure 108 Structural model of stacked units
Figure 109 Structural model of new units with structure incorporated
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ENErGy PErFOrmANcE
In terms of energy efficiency, post-war state houses are inefficient and 
unhealthy. They are uninsulated in most cases and hard to heat. The 
houses were designed to be oriented to the sun but there is no thermal 
mass to store heat, meaning that any thermal gain is lost quickly through 
the lightweight construction. 
In terms of energy use, space heating uses the most energy so this is 
the first priority in energy retrofits. In a typical, uninsulated house, the 
majority of the heat is lost through the ceiling, and then the windows 
and walls and floor. Through research and testing, interventions have 
been explored to determine the most efficient upgrades. These are as 
shown in the adjacent image.
Air
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Window
Walls
Ceiling
Air
Floor
Window
Walls
Ceiling
Air
Floor
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Figure 110 Heat losses by building component, uninsulated Figure 111 Heat losses by building component, partially insulated
Figure 112 Heat losses by building component, 
fully insulated
Figure 113 Comparative heat losses, uninsulated, partially insulated 
and fully insulated
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Stage 4. Wall insulation: 
Original: R=0.60m2K/W
Improvements: R=3.20 
m2K/W
100 - 140mm 
Stage 1. Ceiling insulation 
Original: R=0.27m2K/W
Improvements: R=4.55 
m2K/W
190mm
Stage 2. Sub-floor insulation: 
Original: R=0.74m2K/W
Improvements: R=4.18 
m2K/W
125mm
Stage 5. Double glazing: 
Original: R=0.22 m2K/W
Improvements: R=0.73 
m2K/W
Stage 3. Airtightness 
Original: 20 (n50) h−1
Improvements: 1 (n50) h−1
Figure 114 Energy upgrade components
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dEVELOPING A SET OF PArTS
Following initial tests, a systemised approach to design was explored to 
incorporate the successful elements of these tests to be employed in a 
time and resource efficient manner.
Initial testing was broken down in to segments: internal walls to 
divide space, furnitures to define space, insulation upgrades, window 
upgrades, internal plug-ins and external plug-ins.
From these segments, a set of parts has been developed which can be 
applied to many different situations across New Zealand.
To develop this set of parts, the outcomes from analysis of existing and 
initial tests have been coordinated and broken down in to pieces that 
can be used either separately or in conjunction with each other as a 
retrofit kit. 
A set of parts is an appropriate response to the design research, as it 
provides flexibility and variation in retrofit solutions. Prefabricated parts 
allow post-war state houses to be retrofitted efficiently, reducing time 
and cost involved.
The kit-set enables users to respond to their own individual need, 
employing whichever parts of the set that they need.
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Figure 115 Incorporating tests to develop a retrofit set of parts
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ENErGy EFFIcIENcy
Through initial tests it was identified that the 
most successful interventions to improve energy 
efficiency of post-war state houses (and other 
timber frame houses of similar construction in 
New Zealand) are ceiling insulation, sub-floor 
insulation, double glazing and wall insulation. In 
a kit-set configuration, this means utilising panel 
construction to coincide with the standardised 
nature of framing of these houses. 
Sub-floor and ceiling insulation can be 
introduced with little interference and can 
be prepared off site for fast installation. Wall 
insulation is more disruptive to the existing 
building but can be either retrofitted in external 
panels (if external claddings will be replaced), 
or in internal panels, which is especially useful if 
spatial configurations are being adjusted.
 In addition to these adjustments to the existing 
house, external plug-ins can be used to further 
the improvement in energy efficiency. These 
are made up of overhangs, where solar access 
needs to be adjusted, and sun-room plug-ins 
that include thermal mass to assist in regulating 
internal temperatures.
Figure 116 Energy upgrade components
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cONNEcTIONS TO OUTdOOrS
Initial tests demonstrated that outdoor spaces, 
both public and private, can be provided in 
varying degrees of "outdoorness". Decks 
and courtyards can be used successfully as 
thresholds between indoors and outdoors. 
When investigating outdoor connections as 
part of a system of interventions, outdoor 
rooms can be designed and used in a variety 
of configurations to enhance both indoor and 
outdoor space. These outdoor rooms can also 
be used to connect different units, as outlined 
below.
cONNEcTIONS bETwEEN UNITS
Connections between units are key in the overall 
success of this set of parts. When utilised on 
a multi-unit scale, incorporating many existing 
houses, the set of parts calls for architectural 
elements to unite all the pieces (and the 
existing houses) and provide cohesion within 
the overall scheme. This is provided by both 
indoor and outdoor spaces that connect units 
both physically and visually. These connections 
are made up of a system of pods that can be 
customised for each individual project.
Figure 117 Connections to outdoors
Figure 118 Connections between units
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INTErNAL dIVISIONS
Internal divisions are provided in the form of 
both prefabricated partition walls and movable 
furnitures, which can act as space dividers. 
This allows for flexibility in layout and use and 
enables users to adapt their space to how they 
use it.
INTErNAL POdS
Initial tests focussed heavily on the internal 
arrangement of space within the post-war state 
house. Whether within a single house or across 
many houses, internal pods can be utilised to 
improve spatial arrangements and to increase 
density within a unit if necessary. 
The pods consist of plumbed pods (kitchen 
pod and bathroom pod) and division walls that 
separate one pod from another. 
This allows for diversity in use and application.
Figure 119 Internal division components
Figure 120 Internal pods
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extensIon	Pods
Extension pods allow for the adaptation of 
existing post-war state houses into more 
suitable arrangements on site. Extension pods 
are especially useful for the introduction of 
shared spaces amongst integrated units and 
can be used for storage, utilities and circulation. 
Extension pods can also be used to lift the 
ground floor of existing houses and double floor 
area whilst retaining the same footprint on site. 
It is recommended that in this arrangement, the 
extension pods are used as flexible spaces that 
can be shared amongst units, as communal 
play space, shared workshops/ sheds or 
overflow accommodation (a response to how 
we currently use garages).
Initial tests explored the stacking and staggering 
of existing post-war state houses, which proved 
a useful exercise that resulted in some interesting 
arrangements to provide variation in levels of 
privacy and space allocation, particularly with 
regards to the incorporation of outdoor space. 
However, with further development it was 
discovered that the structural demands and 
complexity of many of these iterations make 
them unsuitable for this project. Further to this, 
the architectural value of the existing post-war 
state house is challenged when arranged in 
many of the layouts tested. 
The resulting extension pods allow the user to 
arrange the existing houses as they see fit.
Figure 121 Extension pods
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Figure 122 A kit-set of parts
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cONcLUSION
This project aims to provide insight into possibilities for existing post-
war state houses, demonstrating the value in our existing houses. The 
project demonstrates alternative solutions to traditional housing models, 
while improving energy efficiency and spatial qualities to future-proof 
existing houses. 
The project aims to:
• Utilise existing houses as solutions to housing problems that are 
currently being faced in New Zealand by increasing density, flexibility 
and energy efficiency. 
• Provide an outcome that will be applicable across New Zealand and 
could be employed by a variety of private owners as well as housing 
providers. 
• Provoke awareness of opportunities within the existing built 
environment and encourage application of retrofit strategies as a 
viable alternative to new build. 
• Improve social, environmental and economic sustainability. 
• Adopt new modes of living and enhance existing communities by 
making them more dynamic and integrated. 
• Employ better use of site and layout to increase density while also 
improving amenity.
The kit-set outcome is successful in that it responds to all of these 
objectives.
The set of parts provides opportunities for improvement of our existing 
post-war state houses across New Zealand and the way in which the 
kit-set is employed determines which objectives are met. 
This system could also be employed for different house types, however 
further testing may need to be carried out to test the viability of this. 
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The designed outcome allows New Zealand to catch up to successful 
overseas models of retrofit solutions and provides possible solutions 
for many of the housing issues that New Zealand is currently facing, 
including: housing shortage, housing affordability, appropriately sized 
housing, resource/ energy efficiency, intensification.
Further research into the validity of this in the New Zealand housing 
market could be carried out in order to develop this project into a 
marketable solution to these problems. The set of parts could be a 
saleable product that would provoke awareness of the opportunities in 
prefabricated retrofit. Prefabrication methods could be further explored 
to increase efficiency for the market.
There are opportunities for expansion of this product, through 
developing the set of parts to market needs and adding new parts if/ 
when necessary. Individual parts can be improved and swapped out so 
that upgrades can be easily incorporated.
The systemised nature of the outcome means that maintenance of 
retrofitted houses is straightforward; individual parts can be updated 
or replaced as necessary without compromising the rest of the house.  
This project has strong implications for Housing New Zealand (and other 
social housing providers) and provides suggestions for how they might 
update their existing post-war state house stock. Current practice is 
to demolish these houses and replace them with new buildings but, 
as this project demonstrates, the houses can be put to good use and 
retrofitted to provide comfortable, appropriate, cost-efficient homes for 
Housing New Zealand tenants.
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The set of parts provides myriad opportunities for updating post-war 
state houses and can be employed in many different configurations, 
applicable to different situations. Possible uses are:
• Houses retrofitted and combined to provide accessible and 
communal dwellings for elderly.
• First home buyers pooling funds and resources to combine houses 
on a plot and create an intensified, communal block.
• Owners of a single house with a large plot of land wanting to upgrade 
and subdivide
• An extended family currently sharing one house seeking alternate 
arrangements to allow individual dwellings and more privacy, while 
retaining a sense of communal living
• A single family wanting to upgrade their existing house.
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aPPendIx	1.	-	retrofIttIng	Versus	demolItIon
 
22 
areas.  Topping up thin existing ceiling insulation, and timber floor insulation are both 
uneconomic in Auckland.  All other measures listed remain economic. 
 
This ignore any improved sale price of a renovated house, and quite small gains in 
sale price due to efficiency measures will cover some of the initial costs.  For 
example, in Auckland the ceiling insulation top-up and the floor insulation retrofit 
costs, less 10 years of energy savings, leaves a deficit of about $1,400 for a typical 
house.  This can be recovered if the re-sale price 10 years ahead is $2,400 larger 
than it would have been without the retrofit. It is quite feasible this type of margin is 
achievable for these two measures alone. For retrofitted double glazing the resale 
premium needs to be an additional $5,400, which also appears to be achievable.   In 
cooler areas the required margin is lower. 
 
Figure 11 Benefit cost ratios for major retrofit items 
 
 
 
Figure 12 Benefit cost ratios for minor retrofit items 
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7. DEMOLISH/ REBUILD OR RENOVATE? 
This section briefly examines the life cycle costs of demolition and rebuild to a high 
standard of sustainability, versus undertaking insulation upgrades and major 
renovation which extends the life of the house.  The results for 2 options of demolition 
and rebuild (now and in 10 years), versus major upgrade for another 30 years of life 
before replacement are shown in Table 6.   Fuller details of the options are in the 
appendix. 
 
Table 6 Life cycle costs of demolish/ rebuild versus renovation 
 
 
 
The main result from Table 6 is that renovation and upgrade to extend the life of an 
existing house for another 30 years before replacement is the preferred option in 
terms of life cycle costs. 
 
8. CONCLUSIONS 
 Currently renovation work that is consented is about $1.2 billion per year, 
including additions, and is approximately one third the value of new dwellings.  
About 1,400 A&A consents per year are over $150,000 in value and it is likely 
most of these include significant upgrade of the existing dwelling as well as 
additions work.  
 Examinations of consent descriptions indicate about 3% of consents (900 
houses) involve re-roofing and windows replacement, 2% (600 houses) are 
wall re-cladding and about 1% (300 houses) of consents include re-piling 
and/or foundation repairs, per year.  Examination of the house condition 
survey data indicates a significant percentage of houses in the 1930s to 
1960s age groups require major repairs/ replacement of wall and window 
components.  This work provides opportunities for insulation retrofit.  
 House demolitions were about 2,600 per year and are expected to rise to 
about 3,900 per year next decade.  A survey of builders involved in demolition 
indicates that about half of demolitions are due to physical decay and the rest 
due to site re-development with multi-units or a single house replacement with 
improved amenities. 
 The major housing cohort that is now requiring major renovation are the 
1940s to 60s houses, which number about 480,000 houses. These, and 
possibly the 1970s era houses (150,000 units) are the main target group for 
sustainable retrofit packages. 
 Ceiling, wall and floor retrofits with insulation are cost effective for most pre 
1978 houses, in most locations.  Double glazing retrofit is economic outside 
the Auckland climate zone. 
 Extending the life of a house through major renovation with insulation 
upgrades is the preferred approach, rather than demolition replacement, in 
terms of life cycle costs. 
 
Demolish or renovate ? Life cycle costs $ (1). Auckland Wellington Christchurch Dunedin
Option 1  Demolish and rebuild with optimal orientation/ passive solar, major renovation at year 30 and year 60. 201,315    201,627   203,643   200,347   
Option 2  Major renovation now for another 30 years life, then demolish/ rebuild, with major renovations at year 60. 133,308    138,031   139,886   142,039   
Option 3  Do nothing now, Demolish & rebuild (opt orientation/ passive solar) in 10 years. Major renovation at year 40 & 70. 146,636    153,152   156,952   158,810   
(1) Cost are discounted over 90 years and include demolition, rebuild, renovation, painting, and space heating energy costs Discount rate= 5% Energy price escal  = 1%
Data on benefits of renovation versus demolition. Reference: 
I C Page and J Fung, “Housing Life Cycle and Sustainability 
Part One,” BRANZ Study Report, no. 214 (2009), accessed 
March 27, 2016, http://www.branz.co.nz/cms_show_download.
php?id=036642f3725e8c62f7dd93a56de25a373df59294.
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Table 1 Cost details for measures and benefit: cost ratios 
 
 
 
Energy and water saving measures
Measure Initial Replace Benefit-cost ratio (1), (2)
Water cost $  (1) Years Comment Auck Well Chch Inverc
Solar water panels 7000 30 Assumes HWC needs replace, & plumbing.  1.1 1.1 1.1 1.2
HW heat pump 5500 20 Assume COP=2.8 & HWC needs replace. 1.0 1.0 0.9 1.0
Wetback 1000 40 $1,000 is marginal cost of plumbing to HWC. 5.1 5.1 4.7 5.2
Instantaneous gas 1750 20 One only.  Save on standing losses. 2.5 2.5 0.4 0.4
HWC tempering value 300 20 Cost per Homesmart Renovations Plan Builder. na na
HWC Themostat 60 15 Save 10degC temp.   15.4 15.4 14.4 15.9
Dual flush cistern 120 15 Not many single flush anyway. na na
Rainwater tank (toilet, laundry only) 3000 40 Incl plumbing.  5,000 litre tank, toilet, laundry use. 0.4 0.3 0.3 0.3
Rainwater tank (garden only) 1000 20 1000  litre tank, outdoor use only. 0.3 0.2 0.2 0.2
HWC wraps 70 50 One cylinder only.  15.5 15.5 14.5 16.0
Pipe lagging 20 50 from one cylinder only.  18.1 18.1 16.9 18.7
Low flow shower 130 15 Two showers/day.  4 litre/min saving, 5 mins ea. 14.2 13.1 12.4 13.4
Flow restricter cold tap (bathroom) 30 20 1 tap only 1.9 1.4 1.4 1.4
Flow restricter cold tap (kitchen) 30 20 1 tap only 1.9 1.4 1.4 1.4
Insulation
Ceiling nil, Add R4 2340 50+ $18 per sqm. 2.3 4.2 4.9 8.9
Ceiling 50mm, bring to R4 1820 50+ $14 per sqm 0.9 1.6 1.9 3.3
Ceiling 75mm or 100mm,  bring to R4 1300 50+ $10 per sqm 0.7 1.3 1.6 2.8
Skillion relined (15% of area) 1365 50+ $70/sqm, 15% of ceiling area/ house on average 0.7 0.8 0.9 1.6
Wall  add R2.8 replace Weatherbd/ FC 16744 50+ Allow chg stud height. R2.8 insul  $165/sqm 0.2 0.4 0.5 0.9
Wall  add R2.8 replace 50% Weatherbd 9555 50+ Allow chg stud height. R2.8 insul  $105/sqm 0.4 0.8 0.9 1.6
Wall add R2.8 replace linings 6370 50+ Allow chg stud hgt/linings. R2.8 insul  $70/sqm 0.6 1.1 1.3 2.3
Floor Timber Add Polystyrene 2080 50+ Polystyrene R2.0 or FG Cosyfloor R2.0  $16/sqm. 1.2 2.6 2.6 4.6
Floor Concrete add polystyrene perim 967 50+ $20/ lin m.  na na
Draughtproofing (doors/ windows) 225 15 Assume 3 doors @ $15 ea,+6 windows @$30ea. 1.6 3.7 3.3 5.9
Windows
Whole window  replace Dble glaze 11440 40 Windows 22 to 25% of floor area, $380/sqm. 0.1 0.3 0.3 0.5
Replace glazing only, DG in alum 3718 30 $130/sqm DG,  inserts, remove existing glass. 0.4 0.8 0.9 1.6
Replace glazing only, DG in rework timber 5577 30 Allow 1.5 factor for timber windows. 0.3 0.5 0.6 1.1
Secondary glazing panels 3432 20 Glazing in alum frame fitted behind existing glaze. 0.4 0.8 1.0 1.7
Curtains 1000 20 Assume major windows only, not service rooms.  0.5 1.0 1.2 2.0
Pelmets 120 20 Assume 6 windows required 12m x $10/m na na
Other (3)
Ground polythene 520 40 Most post80's houses are slab. 2.9 2.9
Extractor fan for kitchen 250 15 Consumer Nov 2005.   $250 ea incl duct. 1.9 1.9
Extractor fan for bathroom 250 15 Consumer Nov 2005.   $250 ea incl duct. 1.3 1.3
Clothes dryer vent 70 15 Clothes dryer vent and ducting 4.5 4.5
Clothes line 150 15 0.0 0.0
Efficient light bulbs 30 8 5@60W/bulb saving,4hrs/day 20 20 19 21
Kitchen waste (worm farms v insinkerator) 120
(1) Cost and BCR analysis are for the 1940s-60s mass houses.  Other cohorts have similar values.
BCR = Discounted energy cost savings/(Insulation & water efficiency measures + heating appliance costs and discounted replacements)
(2)  BCR assumes electricity heating, 0% takeback, 5% disct rate, 30 yr period, 1.6%pa energy price escalt
(3) " Other" benefits arise from reduced mould levels due to moisture control.
Data on payback periods of retrofits. Reference: Ian Page, Cost Benefits 
of Housing Retrofits, (Porirua City: Building Research Association of 
New Zealand, 2009), http://www.cmnzl.co.nz/assets/sm/5890/61/3.
PN034Page.pdf
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Payback period for individual measure 
The payback period for common thermal envelope and water saving measures are shown in Figure 1 and 
Figure 2. These figures assume fuel prices at the normal electricity rates. 
 
 
Figure 1 Payback periods for envelop measures. 
 
Figure 2 Payback periods for water saving and envelope measures 
 
 
Figure 3 shows the payback periods for the same measures as in Figure 1 but instead the energy price has 
been reduced due to the use of heat pumps. 
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Payback period for individual measure 
The payback period for common thermal envelope and water saving measures are shown in Figure 1 and 
Figure 2. These figures assume fuel prices at the normal electricity rates. 
 
 
Figure 1 Payback periods for envelop measures. 
 
Figure 2 Payback periods for water saving and envelope measures 
 
 
Figure 3 shows the payback periods for the same measures as in Figure 1 but instead the energy price has 
been reduced due to the use of heat pumps. 
0
5
10
15
20
25
30
Ceiling nil      
to R4
Ceiling 50mm 
to R4
Ceiling 
100mm to R4
Remove wall 
linings 
insulate
Under-floor 
insulation
D.Glaze in 
exist frame
Ye
ar
s f
or
 p
ay
ba
ck
Pay back period for a typical 1940-60s house
Auckland
Wellington
Christchurch
Invercargill
Assumes normal rate 
electricity
0
5
10
15
20
25
30
Ye
ar
s f
or
 p
ay
ba
ck
Pay back period for a typical 1940-60s house
Auckland
Wellington
Christchurch
Invercargill
Assumes 
normal rate 
electricity
 
Figure 3 Payback when energy prices reduce 
Net present values and retrofit packages 
Figure 4 shows the net present value (including energy costs and heating appliance costs) for increasing 
levels of insulation.  The first bar in each set is the NPV which occurs with a switch from normal 
electricity to heat pump heating and no change from zero insulation.  It includes the heat pump cost. 
Subsequent bars show increasing combinations of insulation with heat pump heating.  The base case is nil 
insulation and normal rate electrical heating.   
  
Figure 4 NPV with increasing insulation 
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aPPendIx	2.	-	energy	uPgrades
Results of testing energy upgrades, calculated using BRANZ’s ALF tool: 
“Branz ALF (annual Loss Factor) 3.0,” May 1, 2007, accessed May 13, 
2016, http://alf.branz.co.nz/.
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Energy Heat Flows
The information in the table gives you an overview of all the heat flows in and out of the designed building, based on the
heating temperatures, climate and schedule the designer has selected. It allows you to evaluate the importance of the
thermal performance of individual building components - for example, of particular windows. 
Net Area Loss Gain Useful Gain
m 2 kWh/year % kWh/year % kWh/year
Slab floor
Suspended Floor 96 1102.7 11.17 -1102.7
Wall (12x3.5, S) 36.78 521.05 5.28 -521.05
Window (0.8x0.9, S) 0.72 32.21 0.33 36.26 2.27 4.05
Window (1.8x0.9, S) 1.62 72.47 0.73 81.59 5.1 9.11
Window (0.8x0.9, S) 0.72 32.21 0.33 36.26 2.27 4.05
Window (1.8x1.2, S) 2.16 96.63 0.98 108.78 6.8 12.15
Wall (12x3.5, N) 36.12 511.7 5.18 -511.7
Window (1.2x0.9, N) 1.08 48.32 0.49 160.9 10.06 112.59
Window (2.5x1.2, N) 3 134.21 1.36 446.95 27.93 312.74
Window (2x0.9, N) 1.8 80.53 0.82 268.17 16.76 187.65
Wall (8x3.5, E) 25.84 366.07 3.71 -366.07
Window (1.2x0.9, E) 1.08 48.32 0.49 54.39 3.4 6.07
Window (1.2x0.9, E) 1.08 48.32 0.49 54.39 3.4 6.07
Wall (8x3.5, W) 25.12 355.87 3.61 -355.87
Window (1.2x1.2, W) 1.44 64.42 0.65 176.26 11.01 111.84
Window (1.2x1.2, W) 1.44 64.42 0.65 176.26 11.01 111.84
Roof (8.5x12.5) 106.25 3344.91 33.89 -3344.91
Air Leakage 230.4 974.93 9.88
Warm-up 1971.76 19.98
Internal Gain 725.7 7.35
2/5
EXISTING
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Energy Heat Flows
The information in the table gives you an overview of all the heat flows in and out of the designed building, based on the
heating temperatures, climate and schedule the designer has selected. It allows you to evaluate the importance of the
thermal performance of individual building components - for example, of particular windows. 
Net Area Loss Gain Useful Gain
m 2 kWh/year % kWh/year % kWh/year
Slab floor
Suspended Floor 96 1102.7 16.36 -1102.7
Wall (8x3.5, E) 25.84 366.07 5.43 -366.07
Window (1.2x0.9, E) 1.08 48.32 0.72 54.39 3.4 6.07
Window (1.2x0.9, E) 1.08 48.32 0.72 54.39 3.4 6.07
Wall (12x3.5, N) 36.12 511.7 7.59 -511.7
Window (2.5x1.2, N) 3 134.21 1.99 446.95 27.93 312.74
Window (1.2x0.9, N) 1.08 48.32 0.72 160.9 10.06 112.59
Window (2x0.9, N) 1.8 80.53 1.19 268.17 16.76 187.65
Wall (12x3.5, S) 36.78 521.05 7.73 -521.05
Window (0.8x0.9, S) 0.72 32.21 0.48 36.26 2.27 4.05
Window (1.8x0.9, S) 1.62 72.47 1.08 81.59 5.1 9.11
Window (0.8x0.9, S) 0.72 32.21 0.48 36.26 2.27 4.05
Window (1.8x1.2, S) 2.16 96.63 1.43 108.78 6.8 12.15
Wall (8x3.5, W) 25.12 355.87 5.28 -355.87
Window (1.2x1.2, W) 1.44 64.42 0.96 176.26 11.01 111.84
Window (1.2x1.2, W) 1.44 64.42 0.96 176.26 11.01 111.84
Roof (8.5x12.5) 106.25 213.5 3.17 -213.5
Air Leakage 230.4 974.93 14.47
Warm-up 1971.76 29.26
Internal Gain 725.7 10.77
2/5
ROOF 
INSULATION
183
Energy Heat Flows
The information in the table gives you an overview of all the heat flows in and out of the designed building, based on the
heating temperatures, climate and schedule the designer has selected. It allows you to evaluate the importance of the
thermal performance of individual building components - for example, of particular windows. 
Net Area Loss Gain Useful Gain
m 2 kWh/year % kWh/year % kWh/year
Slab floor
Suspended Floor 96 1102.7 16.36 -1102.7
Wall (8x3.5, E) 25.84 366.07 5.43 -366.07
Window (1.2x0.9, E) 1.08 48.32 0.72 54.39 3.4 6.07
Window (1.2x0.9, E) 1.08 48.32 0.72 54.39 3.4 6.07
Wall (12x3.5, N) 36.12 511.7 7.59 -511.7
Window (2.5x1.2, N) 3 134.21 1.99 446.95 27.93 312.74
Window (1.2x0.9, N) 1.08 48.32 0.72 160.9 10.06 112.59
Window (2x0.9, N) 1.8 80.53 1.19 268.17 16.76 187.65
Wall (12x3.5, S) 36.78 521.05 7.73 -521.05
Window (0.8x0.9, S) 0.72 32.21 0.48 36.26 2.27 4.05
Window (1.8x0.9, S) 1.62 72.47 1.08 81.59 5.1 9.11
Window (0.8x0.9, S) 0.72 32.21 0.48 36.26 2.27 4.05
Window (1.8x1.2, S) 2.16 96.63 1.43 108.78 6.8 12.15
Wall (8x3.5, W) 25.12 355.87 5.28 -355.87
Window (1.2x1.2, W) 1.44 64.42 0.96 176.26 11.01 111.84
Window (1.2x1.2, W) 1.44 64.42 0.96 176.26 11.01 111.84
Roof (8.5x12.5) 106.25 213.5 3.17 -213.5
Air Leakage 230.4 974.93 14.47
Warm-up 1971.76 29.26
Internal Gain 725.7 10.77
2/5
Energy Heat Flows
The information in the table gives you an overview of all the heat flows in and out of the designed building, based on the
heating temperatures, climate and schedule the designer has selected. It allows you to evaluate the importance of the
thermal performance of individual building components - for example, of particular windows. 
Net Area Loss Gain Useful Gain
m 2 kWh/year % kWh/year % kWh/year
Slab floor
Suspended Floor 96 195.22 2.18 -195.22
Wall (8x3.5, E) 25.84 366.07 4.08 -366.07
Window (1.2x0.9, E) 1.08 48.32 0.54 54.39 3.4 6.07
Window (1.2x0.9, E) 1.08 48.32 0.54 54.39 3.4 6.07
Wall (12x3.5, N) 36.12 511.7 5.71 -511.7
Window (2.5x1.2, N) 3 134.21 1.5 446.95 27.93 312.74
Window (1.2x0.9, N) 1.08 48.32 0.54 160.9 10.06 112.59
Window (2x0.9, N) 1.8 80.53 0.9 268.17 16.76 187.65
Wall (12x3.5, S) 36.78 521.05 5.81 -521.05
Window (0.8x0.9, S) 0.72 32.21 0.36 36.26 2.27 4.05
Window (1.8x0.9, S) 1.62 72.47 0.81 81.59 5.1 9.11
Window (0.8x0.9, S) 0.72 32.21 0.36 36.26 2.27 4.05
Window (1.8x1.2, S) 2.16 96.63 1.08 108.78 6.8 12.15
Wall (8x3.5, W) 25.12 355.87 3.97 -355.87
Window (1.2x1.2, W) 1.44 64.42 0.72 176.26 11.01 111.84
Window (1.2x1.2, W) 1.44 64.42 0.72 176.26 11.01 111.84
Roof (8.5x12.5) 106.25 3344.91 37.32 -3344.91
Air Leakage 230.4 974.93 10.88
Warm-up 1971.76 22
Internal Gain 725.7 8.1
2/5
SUB-FLOOR 
INSULATION
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Energy Heat Flows
The information in the table gives you an overview of all the heat flows in and out of the designed building, based on the
heating temperatures, climate and schedule the designer has selected. It allows you to evaluate the importance of the
thermal performance of individual building components - for example, of particular windows. 
Net Area Loss Gain Useful Gain
m 2 kWh/year % kWh/year % kWh/year
Slab floor
Suspended Floor 96 1102.7 13.03 -1102.7
Wall (8x3.5, E) 25.84 72.73 0.86 -72.73
Window (1.2x0.9, E) 1.08 48.32 0.57 54.39 3.4 6.07
Window (1.2x0.9, E) 1.08 48.32 0.57 54.39 3.4 6.07
Wall (12x3.5, N) 36.12 101.66 1.2 -101.66
Window (2.5x1.2, N) 3 134.21 1.59 446.95 27.93 312.74
Window (1.2x0.9, N) 1.08 48.32 0.57 160.9 10.06 112.59
Window (2x0.9, N) 1.8 80.53 0.95 268.17 16.76 187.65
Wall (12x3.5, S) 36.78 103.52 1.22 -103.52
Window (0.8x0.9, S) 0.72 32.21 0.38 36.26 2.27 4.05
Window (1.8x0.9, S) 1.62 72.47 0.86 81.59 5.1 9.11
Window (0.8x0.9, S) 0.72 32.21 0.38 36.26 2.27 4.05
Window (1.8x1.2, S) 2.16 96.63 1.14 108.78 6.8 12.15
Wall (8x3.5, W) 25.12 70.7 0.84 -70.7
Window (1.2x1.2, W) 1.44 64.42 0.76 176.26 11.01 111.84
Window (1.2x1.2, W) 1.44 64.42 0.76 176.26 11.01 111.84
Roof (8.5x12.5) 106.25 3344.91 39.51 -3344.91
Air Leakage 230.4 974.93 11.52
Warm-up 1971.76 23.29
Internal Gain 725.7 8.57
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Energy Heat Flows
The information in the table gives you an overview of all the heat flows in and out of the designed building, based on the
heating temperatures, climate and schedule the designer has selected. It allows you to evaluate the importance of the
thermal performance of individual building components - for example, of particular windows. 
Net Area Loss Gain Useful Gain
m 2 kWh/year % kWh/year % kWh/year
Slab floor
Suspended Floor 96 1102.7 13.03 -1102.7
Wall (8x3.5, E) 25.84 72.73 0.86 -72.73
Window (1.2x0.9, E) 1.08 48.32 0.57 54.39 3.4 6.07
Window (1.2x0.9, E) 1.08 48.32 0.57 54.39 3.4 6.07
Wall (12x3.5, N) 36.12 101.66 1.2 -101.66
Window (2.5x1.2, N) 3 134.21 1.59 446.95 27.93 312.74
Window (1.2x0.9, N) 1.08 48.32 0.57 160.9 10.06 112.59
Window (2x0.9, N) 1.8 80.53 0.95 268.17 16.76 187.65
Wall (12x3.5, S) 36.78 103.52 1.22 -103.52
Window (0.8x0.9, S) 0.72 32.21 0.38 36.26 2.27 4.05
Window (1.8x0.9, S) 1.62 72.47 0.86 81.59 5.1 9.11
Window (0.8x0.9, S) 0.72 32.21 0.38 36.26 2.27 4.05
Window (1.8x1.2, S) 2.16 96.63 1.14 108.78 6.8 12.15
Wall (8x3.5, W) 25.12 70.7 0.84 -70.7
Window (1.2x1.2, W) 1.44 64.42 0.76 176.26 11.01 111.84
Window (1.2x1.2, W) 1.44 64.42 0.76 176.26 11.01 111.84
Roof (8.5x12.5) 106.25 3344.91 39.51 -3344.91
Air Leakage 230.4 974.93 11.52
Warm-up 1971.76 23.29
Internal Gain 725.7 8.57
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ALF Calculation Report
Project Description
 Project: Post-War State House 
 Current Design: Fully Insulated 
 Date: 26.09.2016
 Designed by: 
• Address:
• Owner Name: 
• Street:
• City:
• Phone No.: 
• Lot No.: 
• DP No.: 
ALF Results Energy
The results in this section are calculated from the designer inputs including occupancy, and heating temperatures and
schedules.
1/5Energy Heat Flows
The information in the table gives you an overview of all the heat flows in and out of the designed building, based on the
heating temperatures, climate and schedule the designer has selected. It allows you to evaluate the importance of the
thermal performance of individual building components - for example, of particular windows. 
Net Area Loss Gain Useful Gain
m 2 kWh/year % kWh/year % kWh/year
Slab floor
Suspended Floor 96 195.22 4.41 -195.22
Wall (12x3.5, S) 36.78 103.52 2.34 -103.52
Window (0.8x0.9, S) 0.72 32.21 0.73 36.26 2.27 4.05
Window (1.8x0.9, S) 1.62 72.47 1.64 81.59 5.1 9.11
Window (0.8x0.9, S) 0.72 32.21 0.73 36.26 2.27 4.05
Window (1.8x1.2, S) 2.16 96.63 2.18 108.78 6.8 12.15
Wall (12x3.5, N) 36.12 101.66 2.3 -101.66
Window (1.2x0.9, N) 1.08 48.32 1.09 160.9 10.06 112.59
Window (2.5x1.2, N) 3 134.21 3.03 446.95 27.93 312.74
Window (2x0.9, N) 1.8 80.53 1.82 268.17 16.76 187.65
Wall (8x3.5, E) 25.84 72.73 1.64 -72.73
Window (1.2x0.9, E) 1.08 48.32 1.09 54.39 3.4 6.07
Window (1.2x0.9, E) 1.08 48.32 1.09 54.39 3.4 6.07
Wall (8x3.5, W) 25.12 70.7 1.6 -70.7
Window (1.2x1.2, W) 1.44 64.42 1.46 176.26 11.01 111.84
Window (1.2x1.2, W) 1.44 64.42 1.46 176.26 11.01 111.84
Roof (8.5x12.5) 106.25 213.5 4.82 -213.5
Air Leakage 230.4 974.93 22.03
Warm-up 1971.76 44.55
Internal Gain 725.7 16.4
• Suspended Floor Loss:    195.22 kWh/year
• Slab Floor Loss:    TBC kWh/year
• Wall Loss:    348.61 kWh/year
• Window Loss:    722.05 kWh/year
• Roof Loss:    213.5 kWh/year
• Skylight Loss:    0 kWh/year
• Air Leakage:    974.93 kWh/year
• Warm-up:    1971.76 kWh/year
• Total Load:    4426.07 kWh/year
• Solar Gain:    1600.22 kWh/year
• Internal Gain:    725.7 kWh/year (3 occupants)
• Total Gain:    2325.92 kWh/year
• Gain Load Ratio:    52.55%
• Effective Thermal Mass Density (per m2 total floor area):    2.42 W/m2 °C
• Specific Heat Loss Density (per m2 total floor area):    3.01 W/m2 °C
• Usefulness of Gains:    68.77%
• Useful Gains:    1599.48 kWh/year
• Required Heating Energy:    2826.59 kWh/year
NZ Building Code Compliance
In order to comply with the Energy Efficiency Clause H1 of the New Zealand Building Code a building has to have a BPI
of less than 1.55 kWh/(m² . °C . month) in any location throughout New Zealand. 
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Energy Heat Flows
The information in the table gives you an overview of all the heat flows in and out of the designed building, based on the
heating temperatures, climate and schedule the designer has selected. It allows you to evaluate the importance of the
thermal performance of individual building components - for example, of particular windows. 
Net Area Loss Gain Useful Gain
m 2 kWh/year % kWh/year % kWh/year
Slab floor
Suspended Floor 96 1102.7 11.96 -1102.7
Wall (8x3.5, E) 25.84 366.07 3.97 -366.07
Window (1.2x0.9, E) 1.08 48.32 0.52 54.39 3.4 6.07
Window (1.2x0.9, E) 1.08 48.32 0.52 54.39 3.4 6.07
Wall (12x3.5, N) 36.12 511.7 5.55 -511.7
Window (2.5x1.2, N) 3 134.21 1.46 446.95 27.93 312.74
Window (1.2x0.9, N) 1.08 48.32 0.52 160.9 10.06 112.59
Window (2x0.9, N) 1.8 80.53 0.87 268.17 16.76 187.65
Wall (12x3.5, S) 36.78 521.05 5.65 -521.05
Window (0.8x0.9, S) 0.72 32.21 0.35 36.26 2.27 4.05
Window (1.8x0.9, S) 1.62 72.47 0.79 81.59 5.1 9.11
Window (0.8x0.9, S) 0.72 32.21 0.35 36.26 2.27 4.05
Window (1.8x1.2, S) 2.16 96.63 1.05 108.78 6.8 12.15
Wall (8x3.5, W) 25.12 355.87 3.86 -355.87
Window (1.2x1.2, W) 1.44 64.42 0.7 176.26 11.01 111.84
Window (1.2x1.2, W) 1.44 64.42 0.7 176.26 11.01 111.84
Roof (8.5x12.5) 106.25 3344.91 36.27 -3344.91
Air Leakage 230.4 325.11 3.53
Warm-up 1971.76 21.38
Internal Gain 725.7 7.87
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Energy Heat Flows
The information in the table gives you an overview of all the heat flows in and out of the designed building, based on the
heating temperatures, climate and schedule the designer has selected. It allows you to evaluate the importance of the
thermal performance of individual building components - for example, of particular windows. 
Net Area Loss Gain Useful Gain
m 2 kWh/year % kWh/year % kWh/year
Slab floor
Suspended Floor 96 1102.7 11.96 -1102.7
Wall (8x3.5, E) 25.84 366.07 3.97 -366.07
Window (1.2x0.9, E) 1.08 48.32 0.52 54.39 3.4 6.07
Window (1.2x0.9, E) 1.08 48.32 0.52 54.39 3.4 6.07
Wall (12x3.5, N) 36.12 511.7 5.55 -511.7
Window (2.5x1.2, N) 3 134.21 1.46 446.95 27.93 312.74
Window (1.2x0.9, N) 1.08 48.32 0.52 160.9 10.06 112.59
Window (2x0.9, N) 1.8 80.53 0.87 268.17 16.76 187.65
Wall (12x3.5, S) 36.78 521.05 5.65 -521.05
Window (0.8x0.9, S) 0.72 32.21 0.35 36.26 2.27 4.05
Window (1.8x0.9, S) 1.62 72.47 0.79 81.59 5.1 9.11
Window (0.8x0.9, S) 0.72 32.21 0.35 36.26 2.27 4.05
Window (1.8x1.2, S) 2.16 96.63 1.05 108.78 6.8 12.15
Wall (8x3.5, W) 25.12 355.87 3.86 -355.87
Window (1.2x1.2, W) 1.44 64.42 0.7 176.26 11.01 111.84
Window (1.2x1.2, W) 1.44 64.42 0.7 176.26 11.01 111.84
Roof (8.5x12.5) 106.25 3344.91 36.27 -3344.91
Air Leakage 230.4 325.11 3.53
Warm-up 1971.76 21.38
Internal Gain 725.7 7.87
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Energy Heat Flows
The information in the table gives you an overview of all the heat flows in and out of the designed building, based on the
heating temperatures, climate and schedule the designer has selected. It allows you to evaluate the importance of the
thermal performance of individual building components - for example, of particular windows. 
Net Area Loss Gain Useful Gain
m 2 kWh/year % kWh/year % kWh/year
Slab floor
Suspended Floor 96 1102.7 11.67 -1102.7
Wall (8x3.5, E) 25.84 366.07 3.87 -366.07
Window (1.2x0.9, E) 1.08 17.32 0.18 44.38 3.32 27.06
Window (1.2x0.9, E) 1.08 17.32 0.18 44.38 3.32 27.06
Wall (12x3.5, N) 36.12 511.7 5.42 -511.7
Window (2.5x1.2, N) 3 48.11 0.51 364.69 27.25 316.58
Window (1.2x0.9, N) 1.08 17.32 0.18 131.29 9.81 113.97
Window (2x0.9, N) 1.8 28.87 0.31 218.81 16.35 189.95
Wall (12x3.5, S) 36.78 521.05 5.51 -521.05
Window (0.8x0.9, S) 0.72 11.55 0.12 29.59 2.21 18.04
Window (1.8x0.9, S) 1.62 25.98 0.27 66.57 4.97 40.59
Window (0.8x0.9, S) 0.72 11.55 0.12 29.59 2.21 18.04
Window (1.8x1.2, S) 2.16 34.64 0.37 88.76 6.63 54.12
Wall (8x3.5, W) 25.12 355.87 3.77 -355.87
Window (1.2x1.2, W) 1.44 23.09 0.24 143.82 10.75 120.73
Window (1.2x1.2, W) 1.44 64.42 0.68 176.26 13.17 111.84
Roof (8.5x12.5) 106.25 3344.91 35.4 -3344.91
Air Leakage 230.4 974.93 10.32
Warm-up 1971.76 20.87
Internal Gain 725.7 7.68
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Energy Heat Flows
The information in the table gives you an overview of all the heat flows in and out of the designed building, based on the
heating temperatures, climate and schedule the designer has selected. It allows you to evaluate the importance of the
thermal performance of individual building components - for example, of particular windows. 
Net Area Loss Gain Useful Gain
m 2 kWh/year % kWh/year % kWh/year
Slab floor
Suspended Floor 96 195.22 4.89 -195.22
Wall (8x3.5, W) 25.12 70.7 1.77 -70.7
Window (1.2x1.2, W) 1.44 23.09 0.58 143.82 10.93 120.73
Window (1.2x1.2, W) 1.44 23.09 0.58 143.82 10.93 120.73
Wall (8x3.5, E) 25.84 72.73 1.82 -72.73
Window (1.2x0.9, E) 1.08 17.32 0.43 44.38 3.37 27.06
Window (1.2x0.9, E) 1.08 48.32 1.21 54.39 4.13 6.07
Wall (12x3.5, N) 36.12 101.66 2.55 -101.66
Window (2.5x1.2, N) 3 48.11 1.2 364.69 27.72 316.58
Window (1.2x0.9, N) 1.08 17.32 0.43 131.29 9.98 113.97
Window (2x0.9, N) 1.8 28.87 0.72 218.81 16.63 189.95
Wall (12x3.5, S) 36.78 103.52 2.59 -103.52
Window (0.8x0.9, S) 0.72 11.55 0.29 29.59 2.25 18.04
Window (1.8x0.9, S) 1.62 25.98 0.65 66.57 5.06 40.59
Window (0.8x0.9, S) 0.72 11.55 0.29 29.59 2.25 18.04
Window (1.8x1.2, S) 2.16 34.64 0.87 88.76 6.75 54.12
Roof (8.5x12.5) 106.25 213.5 5.35 -213.5
Air Leakage 230.4 974.93 24.41
Warm-up 1971.76 49.37
Internal Gain 725.7 18.17
• Suspended Floor Loss:    195.22 kWh/year
• Slab Floor Loss:    TBC kWh/year
• Wall Loss:    348.61 kWh/year
• Window Loss:    289.84 kWh/year
• Roof Loss:    213.5 kWh/year
• Skylight Loss:    0 kWh/year
• Air Leakage:    974.93 kWh/year
• Warm-up:    1971.76 kWh/year
• Total Load:    3993.86 kWh/year
• Solar Gain:    1315.7 kWh/year
• Internal Gain:    725.7 kWh/year (3 occupants)
• Total Gain:    2041.4 kWh/year
• Gain Load Ratio:    51.11%
• Effective Thermal Mass Density (per m2 total floor area):    2.42 W/m2 °C
• Specific Heat Loss Density (per m2 total floor area):    2.48 W/m2 °C
• Usefulness of Gains:    74.12%
• Useful Gains:    1513.01 kWh/year
• Required Heating Energy:    2480.85 kWh/year
NZ Building Code Compliance
In order to comply with the Energy Efficiency Clause H1 of the New Zealand Building Code a building has to have a BPI
of less than 1.55 kWh/(m² . °C . month) in any location throughout New Zealand. 
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ALF Calculation Report
Project Description
 Project: Post-War State House 
 Current Design: Fully Insulated and Double Glazing 
 Date: 26.09.2016
 Designed by: 
• Address:
• Owner Name: 
• Street:
• City:
• Phone No.: 
• Lot No.: 
• DP No.: 
ALF Results Energy
The results in this section are calculated from the designer inputs including occupancy, and heating temperatures and
schedules.
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ALF Calculation Report
Project Description
 Project: Post-War State House 
 Current Design: Fully Insulated and Double Glazing 
 Date: 26.09.2016
 Designed by: 
• Address:
• Owner Name: 
• Street:
• City:
• Phone No.: 
• Lot No.: 
• DP No.: 
ALF Results Energy
The results in this section are calculated from the designer inputs including occupancy, and heating temperatures and
schedules.
1/5 Energy Heat Flows
The information in the table gives you an overview of all the heat flows in and out of the designed building, based on the
heating temperatures, climate and schedule the designer has selected. It allows you to evaluate the importance of the
thermal performance of individual building components - for example, of particular windows. 
Net Area Loss Gain Useful Gain
m 2 kWh/year % kWh/year % kWh/year
Slab floor 12 49.89 0.49 -49.89
Suspended Floor 96 1102.7 10.74 -1102.7
Wall (2x2, E) 4 11.45 0.11 -11.45
Wall (8x3.5, W) 25.12 355.87 3.47 -355.87
Window (1.2x1.2, W) 1.44 64.42 0.63 176.26 9.39 111.84
Window (1.2x1.2, W) 1.44 64.42 0.63 176.26 9.39 111.84
Wall (12x3.5, S) 36.78 521.05 5.08 -521.05
Window (0.8x0.9, S) 0.72 32.21 0.31 36.26 1.93 4.05
Window (1.8x0.9, S) 1.62 72.47 0.71 81.59 4.35 9.11
Window (0.8x0.9, S) 0.72 32.21 0.31 36.26 1.93 4.05
Window (1.8x1.2, S) 2.16 96.63 0.94 108.78 5.79 12.15
Wall (12x3.5, N) 36.12 511.7 4.98 -511.7
Window (2.5x1.2, N) 3 134.21 1.31 446.95 23.81 312.74
Window (1.2x0.9, N) 1.08 48.32 0.47 160.9 8.57 112.59
Window (2x0.9, N) 1.8 80.53 0.78 268.17 14.28 187.65
Wall (8x3.5, E) 25.84 366.07 3.57 -366.07
Window (1.2x0.9, E) 1.08 48.32 0.47 54.39 2.9 6.07
Window (1.2x0.9, E) 1.08 48.32 0.47 54.39 2.9 6.07
Wall (6x2, N) 7.44 21.29 0.21 -21.29
Window (3.8x1.2, N) 4.56 90.14 0.88 277.16 14.76 187.02
Wall (2x2, W) 4
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Project Description
 Project: Post-War State House 
 Current Design: Fully Insulated and Double Glazing with
Sunroom
 Date: 27.09.2016
 Designed by: 
• Address:
• Owner Name: 
• Street:
• City:
• Phone No.: 
• Lot No.: 
• DP No.: 
ALF Results Energy
The results in this section are calculated from the designer inputs including occupancy, and heating temperatures and
schedules.
1/5
Energy Heat Flows
The information in the table gives you an overview of all the heat flows in and out of the designed building, based on the
heating temperatures, climate and schedule the designer has selected. It allows you to evaluate the importance of the
thermal performance of individual building components - for example, of particular windows. 
Net Area Loss Gain Useful Gain
m 2 kWh/year % kWh/year % kWh/year
Slab floor 12 49.89 1.13 -49.89
Suspended Floor 96 195.22 4.44 -195.22
Wall (8x3.5, W) 25.12 70.7 1.61 -70.7
Window (1.2x1.2, W) 1.44 23.09 0.52 143.82 9.03 120.73
Window (1.2x1.2, W) 1.44 23.09 0.52 143.82 9.03 120.73
Wall (12x3.5, S) 36.78 103.52 2.35 -103.52
Window (0.8x0.9, S) 0.72 11.55 0.26 29.59 1.86 18.04
Window (1.8x0.9, S) 1.62 25.98 0.59 66.57 4.18 40.59
Window (0.8x0.9, S) 0.72 11.55 0.26 29.59 1.86 18.04
Window (1.8x1.2, S) 2.16 34.64 0.79 88.76 5.57 54.12
Wall (2x2, W) 4 11.45 0.26 -11.45
Wall (2x2, E) 4 11.45 0.26 -11.45
Wall (6x2, N) 7.44 21.29 0.48 -21.29
Window (3.8x1.2, N) 4.56 90.14 2.05 277.16 17.4 187.02
Wall (8x3.5, E) 25.84 72.73 1.65 -72.73
Window (1.2x0.9, E) 1.08 17.32 0.39 44.38 2.79 27.06
Window (1.2x0.9, E) 1.08 48.32 1.1 54.39 3.41 6.07
Wall (12x3.5, N) 36.12 101.66 2.31 -101.66
Window (1.2x0.9, N) 1.08 17.32 0.39 131.29 8.24 113.97
Window (2.5x1.2, N) 3 48.11 1.09 364.69 22.9 316.58
Window (2x0.9, N) 1.8 28.87 0.66 218.81 13.74 189.95
Roof (8.5x12.5) 106.25 213.5 4.85 -213.5
Air Leakage 230.4 974.93 22.16
Warm-up 2192.79 49.85
Internal Gain 725.7 16.5
• Suspended Floor Loss:    195.22 kWh/year
• Slab Floor Loss:    49.89 kWh/year
• Wall Loss:    392.8 kWh/year
• Window Loss:    379.98 kWh/year
• Roof Loss:    213.5 kWh/year
• Skylight Loss:    0 kWh/year
• Air Leakage:    974.93 kWh/year
• Warm-up:    2192.79 kWh/year
• Total Load:    4399.12 kWh/year
• Solar Gain:    1592.87 kWh/year
• Internal Gain:    725.7 kWh/year (3 occupants)
• Total Gain:    2318.56 kWh/year
• Gain Load Ratio:    52.71%
• Effective Thermal Mass Density (per m2 total floor area):    2.69 W/m2 °C
• Specific Heat Loss Density (per m2 total floor area):    2.7 W/m2 °C
• Usefulness of Gains:    72.91%
• Useful Gains:    1690.4 kWh/year
• Required Heating Energy:    2708.72 kWh/year
NZ Building Code Compliance
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the technical and economic feasibility of the proposed interventions, and the magnitude of associated 
energy savings. On this basis, in the next phase of the study, refined retrofit packages were tested using 
the Passive House Planning Package (PHPP), the Excel spreadsheet-based design tool specifically 
developed by PHI to assist architects and designers plan and verify Passive Houses towards certification. 
It calculates building components’ U-values, heating, cooling and primary energy demand, ventilation 
rates for comfort as well as the risk of overheating in the warmer season. Furthermore, it compiles 
climate data from many locations worldwide, including Auckland and other main centres in New 
Zealand. Validated with dynamic simulation tools as well as with measured data, the PHPP energy 
balance module has proven to be surprisingly precise, calculating the energy balances of a building to 
an accuracy of ±0.5 kWh. 
The specific tool embedded in PHPP for calculation of U-values allowed a more detailed exploration 
of individual building component assemblies, taking into account specific construction details and locally 
available products. To achieve the thermal performance required by the EnerPHit standard (PH-S4), 
the following insulation options were selected: 190 mm polyester insulation in the attic space between 
and above ceiling joists (R-value = 4.55 m2K/W); 125 mm glasswool insulation under the floor between 
joists and 45 mm EPS between bearers (R-value = 4.18 m2K/W); 100 mm glasswool insulation between 
studs plus 45 mm of the same material between battens in the service cavity (R-value = 3.20 m2K/W); 
low-e, double-glazing timber windows filled with argon gas (R-value = 0.73 m2K/W) (Table 1). 
Table 1. Upgrade levels, including a summary of R-values (m2K/W) used for each element 
of the building fabric for PHPP calculation. 
Upgrade Insulation 
Ceiling 
m2K/W
Floor 
m2K/W
Walls  
m2K/W 
Window  
m2K/W 
Airtightness 
(n50) h−1 
Base Case House as built (no insulation) 0.27 0.74 0.60 0.22 20 
PH-S1 
Ceiling insulation  
100 + 90 mm polyester between and above joists 
4.55 0.74 0.60 0.22 20 
PH-S2 
As PH-S1 + Floor insulation  
125 mm glasswool between joists + 40 EPS  
between bearers 
4.55 4.18 0.60 0.22 20 
PH-S3 
As PH-S2 + Wall insulation  
145 mm glasswool between studs and battens 
4.55 4.18 3.20 0.22 6.5 
PH-S4 
As PH-S3 + Windows upgrade and airtightness  
low-e, argon filled double glazing timber windows 
4.55 4.18 3.20 0.73 1 
SH-BP 
SH insulated with basic package (as-it-is)  
50 mm polyester under floor +150 mm above ceiling 
2.42 1.73 0.60 0.22 20 
SH-NZBC House to comply with NZBC 2.90 1.30 1.90 0.26 6.5 
For this study the new PHPP 9 was used, which allows the direct comparison of different variants, 
together with their economic evaluation. Additional retrofit options were then tested to verify the 
specific impact of airtightness, mechanical versus natural ventilation and window performance.  
The aim of this investigation was to assess under what insulation, ventilation and airtightness 
conditions the EnerPHit requirements could be met, thus, exploring alternative and affordable 
solutions to overcome constraints imposed by the existing construction. 
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Project Description
 Project: Post-War State House 
 Current Design: Fully Insulated and Double Glazing with
Sunroom
 Date: 27.09.2016
 Designed by: 
• Address:
• Owner Name: 
• Street:
• City:
• Phone No.: 
• Lot No.: 
• DP No.: 
ALF Results Energy
The results in this section are calculated from the designer inputs including occupancy, and heating temperatures and
schedules.
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Energy Heat Flows
The information in the table gives you an overview of all the heat flows in and out of the designed building, based on the
heating temperatures, climate and schedule the designer has selected. It allows you to evaluate the importance of the
thermal performance of individual building components - for example, of particular windows. 
Net Area Loss Gain Useful Gain
m 2 kWh/year % kWh/year % kWh/year
Slab floor 12 49.89 1.13 -49.89
Suspended Floor 96 195.22 4.44 -195.22
Wall (8x3.5, W) 25.12 70.7 1.61 -70.7
Window (1.2x1.2, W) 1.44 23.09 0.52 143.82 9.03 120.73
Window (1.2x1.2, W) 1.44 23.09 0.52 143.82 9.03 120.73
Wall (12x3.5, S) 36.78 103.52 2.35 -103.52
Window (0.8x0.9, S) 0.72 11.55 0.26 29.59 1.86 18.04
Window (1.8x0.9, S) 1.62 25.98 0.59 66.57 4.18 40.59
Window (0.8x0.9, S) 0.72 11.55 0.26 29.59 1.86 18.04
Window (1.8x1.2, S) 2.16 34.64 0.79 88.76 5.57 54.12
Wall (2x2, W) 4 11.45 0.26 -11.45
Wall (2x2, E) 4 11.45 0.26 -11.45
Wall (6x2, N) 7.44 21.29 0.48 -21.29
Window (3.8x1.2, N) 4.56 90.14 2.05 277.16 17.4 187.02
Wall (8x3.5, E) 25.84 72.73 1.65 -72.73
Window (1.2x0.9, E) 1.08 17.32 0.39 44.38 2.79 27.06
Window (1.2x0.9, E) 1.08 48.32 1.1 54.39 3.41 6.07
Wall (12x3.5, N) 36.12 101.66 2.31 -101.66
Window (1.2x0.9, N) 1.08 17.32 0.39 131.29 8.24 113.97
Window (2.5x1.2, N) 3 48.11 1.09 364.69 22.9 316.58
Window (2x0.9, N) 1.8 28.87 0.66 218.81 13.74 189.95
Roof (8.5x12.5) 106.25 213.5 4.85 -213.5
Air Leakage 230.4 974.93 22.16
Warm-up 2192.79 49.85
Internal Gain 725.7 16.5
• Suspended Floor Loss:    195.22 kWh/year
• Slab Floor Loss:    49.89 kWh/year
• Wall Loss:    392.8 kWh/year
• Window Loss:    379.98 kWh/year
• Roof Loss:    213.5 kWh/year
• Skylight Loss:    0 kWh/year
• Air Leakage:    974.93 kWh/year
• Warm-up:    2192.79 kWh/year
• Total Load:    4399.12 kWh/year
• Solar Gain:    1592.87 kWh/year
• Internal Gain:    725.7 kWh/year (3 occupants)
• Total Gain:    2318.56 kWh/year
• Gain Load Ratio:    52.71%
• Effective Thermal Mass Density (per m2 total floor area):    2.69 W/m2 °C
• Specific Heat Loss Density (per m2 total floor area):    2.7 W/m2 °C
• Usefulness of Gains:    72.91%
• Useful Gains:    1690.4 kWh/year
• Required Heating Energy:    2708.72 kWh/year
NZ Building Code Compliance
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the technical and economic feasibility of the proposed interventions, and the magnitude of associated 
energy savings. On this basis, in the next phase of the study, refined retrofit packages were tested using 
the Passive House Planning Package (PHPP), the Excel spreadsheet-based design tool specifically 
developed by PHI to assist architects and designers plan and verify Passive Houses towards certification. 
It calculates building components’ U-values, heating, cooling and primary energy demand, ventilation 
rates for comfort as well as the risk of overheating in the warmer season. Furthermore, it compiles 
climate data from many locations worldwide, including Auckland and other main centres in New 
Zealand. Validated with dynamic simulation tools as well as with measured data, the PHPP energy 
balance module has proven to be surprisingly precise, calculating the energy balances of a building to 
an accuracy of ±0.5 kWh. 
The specific tool embedded in PHPP for calculation of U-values allowed a more detailed exploration 
of individual building component assemblies, taking into account specific construction details and locally 
available products. To achieve the thermal performance required by the EnerPHit standard (PH-S4), 
the following insulation options were selected: 190 mm polyester insulation in the attic space between 
and above ceiling joists (R-value = 4.55 m2K/W); 125 mm glasswool insulation under the floor between 
joists and 45 mm EPS between bearers (R-value = 4.18 m2K/W); 100 mm glasswool insulation between 
studs plus 45 mm of the same material between battens in the service cavity (R-value = 3.20 m2K/W); 
low-e, double-glazing timber windows filled with argon gas (R-value = 0.73 m2K/W) (Table 1). 
Table 1. Upgrade levels, including a summary of R-values (m2K/W) used for each element 
of the building fabric for PHPP calculation. 
Upgrade Insulation 
Ceiling 
m2K/W
Floor 
m2K/W
Walls  
m2K/W 
Window  
m2K/W 
Airtightness 
(n50) h−1 
Base Case House as built (no insulation) 0.27 0.74 0.60 0.22 20 
PH-S1 
Ceiling insulation  
100 + 90 mm polyester between and above joists 
4.55 0.74 0.60 0.22 20 
PH-S2 
As PH-S1 + Floor insulation  
125 mm glasswool between joists + 40 EPS  
between bearers 
4.55 4.18 0.60 0.22 20 
PH-S3 
As PH-S2 + Wall insulation  
145 mm glasswool between studs and battens 
4.55 4.18 3.20 0.22 6.5 
PH-S4 
As PH-S3 + Windows upgrade and airtightness  
low-e, argon filled double glazing timber windows 
4.55 4.18 3.20 0.73 1 
SH-BP 
SH insulated with basic package (as-it-is)  
50 mm polyester under floor +150 mm above ceiling 
2.42 1.73 0.60 0.22 20 
SH-NZBC House to comply with NZBC 2.90 1.30 1.90 0.26 6.5 
For this study the new PHPP 9 was used, which allows the direct comparison of different variants, 
together with their economic evaluation. Additional retrofit options were then tested to verify the 
specific impact of airtightness, mechanical versus natural ventilation and window performance.  
The aim of this investigation was to assess under what insulation, ventilation and airtightness 
conditions the EnerPHit requirements could be met, thus, exploring alternative and affordable 
solutions to overcome constraints imposed by the existing construction. 
Data from “Modern Housing Retrofit”, used to inform design tests. 
Reference:
Paola Leardini and Manfredo Manfredini, “Modern Housing Retrofit: 
Assessment of Upgrade Packages to EnerPHit Standard for 1940–
1960 State Houses in Auckland,” Buildings 5, no. 1 (March 11, 2015), 
accessed May 27, 2016, doi:10.3390/buildings5010229, http://www.
mdpi.com/2075-5309/5/1/229.
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aPPendIx	3.	-	housIng	new	Zealand	data
5 or more bedrooms
4 bedrooms
3 bedrooms
2 bedrooms
1 bedroom
Unknown
Single with child(ren)
Single aged 25 +
Single aged 24 or younger
2+ adults with child(ren)
2+ adults
Data on housing need in New Zealand - Supplied by Housing New 
Zealand Corporation (HNZC), June 2016. Accesible via http://www.
housing.msd.govt.nz/information-for-housing-providers/register/index.
html
Number of bedrooms needed
Household composition
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Unknown
55 and over
40-54
25-39
24 and under
HNZC Applicant age
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Figure 5 : Design stages and process to integrate the ADAPTIWALL components 
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be renovated using this innovative solution. The present study was mainly focused on 
residential buildings so all the non mainly residential buildings, the collective buildings 
i.e. hotels, convents and barracks, and the non classic residences i.e. tents and stalls 
were disregarded. Moreover a number of variables were established in order to de ne 
those buildings which potentially present the most favourable conditions for energy 
retro t using prefabricated facade panels. 
   
               Swiss module                        Austrian module                         Portuguese module
Fig. 1. Examples of prefab modules developed by IEA ECBCS Annex 50 project [22]
Table 1
Statistical characterization of the buildings with renovation needs in the exterior walls and window frames 
per period of construction.
Building period
Number of buildings with 
reparations needs in the exterior 
walls and window frames
Number of Buildings with 
2 to 6  oors
Before 1919 139.612 206.343
1919-1945 198.592 305.696
1946-1960 220.266 387.340
1961-1970 194.420 408.831
1971-1980 209.771 588.858
1981-1990 154.237 578.845
∑ = 1.116.898 ∑ = 2.475.913
Estimating the potential residential buildings with better conditions for retro t using 
prefabricated facade panels is only one part of the target. This advanced retro t building 
strategy through the implementation of prefabricated panels requires other issues to be 
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vertical ductwork for supply air 
Multifunctional TES design. Reference: le Roux, Simon. “Renovation 
with Prefabricated Timber Elements –Experiences from Some Recent 
Finnish Building Projects.” Forum HolzbauNordic 14 Parallellsession 
1B Frontiers of knowledge| Rehabilitation, densification and wood as 
building material. n.p., 2014. http://forumholzbau-nordic.com/assets/
bilder/Presentations/leRoux_Renovation_with_prefabricated_timber_
elements.pptx.pdf.
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your 
kit-set 
retrofit 
home
A catalogue and guide to using the retrofit 
kit-set to transform your home
200
Airtight layer
- Use in conjunction with insulation 
and appropriate mechanical 
ventuilation
- Reduces draughts in house and 
helps in regulating indoor 
temperature
Wall insulation
- Introduced when re-lining 
external walls
- Can be used exclusively or in 
the form of composite panels, 
below.
- Most effective when used with 
ceiling and sub-floor insulation
Ceiling insulation
- Can be introduced with 
minimal interference
- Most effective intervention for 
decreasing heat loss
Sub-floor insulation
-Can be introduced with minimal 
interference
-Most effective when used in 
conjuction with ceiling insulation
Double glazing
- Produced in standard sizes to fit 
existing casement windows
- Can be installed from exterior, so 
there is little disturbance to 
inhabitants
- Most effective when used in 
addition to insulation, to complete 
a high performing thermal 
envelope
External wall
- The most efficient wall solution 
if external walls need recladding
-Fitted from the exterior, so 
minimal disturbance to interior 
environments
- Includes insulation and 
membranes 
Internal wall
- Insulated or uninsulated
- Used to line existing walls 
where space is available and 
disrupting existing structure is 
not an option
- Also for use as partition walls 
within house interior
Furniture partitions
-Combined storage and space 
dividers
- Option to have on wheels or 
on a track to enable partitions to 
be mobile
- Can house folding, sliding or 
pivoting doors and partitions to 
enable flexible layouts
Balcony or deck
- Produced in standard sizes to fit 
other components but also 
customisable
-Option to include railings and 
stairs
- Can act as a shading device for 
floor below
Privacy screen
- An easy and efficient way to 
screen views and add privacy to 
outdoor spaces
- Doubles as space to grow 
plants or food
Outdoor room
- Privacy screens clip together 
to create customised outdoor 
rooms
- Useful for creating outdoor 
space when privacy is an issue 
and for extending interior 
spaces into the outdoors
Shade awning
- Most effective used on the 
northern aspect of a house, to 
prevent overheating in summer.
- Available in standard lengths 
that clip together
- Can be used to grow 
vegetation or a green canopy
the kit-set
 the retrofit kit-set offers a range of components  that can be 
used in various configurations to suit your needs
201
Solar panels
- Effective in reducing energy 
costs of a home
- Easily retrofitted to existing roofs
House connectors
- Useful when connecting two or 
more houses on a site. 
- Includes storage and/or 
laundry space 
- Acts as a porch or boot room 
when used at entrances
Sunroom extension pod
- Can be introduced with 
minimal interference
- Used to extend space and 
allow for passive solar gain
- Option to include a thermal 
mass floor and walls to aid in 
regulation of indoor tempera-
tures
Extension pod
-Can be used to extend on 
ground level, or as a podium to 
support a house when lifted up 
a storey.
- Structure integral to pod.
- Available in small, medium and 
large
Bathroom pod - small
- Bathroom pods are effective to 
reduce space and energy 
consumption
- An easy and fast way to upgrade 
exiting bathrooms
- Pod components are sized to fit 
through existing openings and clip 
together in place
Bathroom pos - medium
- Doors available in any of the 
walls, to suit the individual 
project
Bathroom pod - large
- Doors available in any of the 
walls, to suit the individual 
project
Kitchen pod
- Kitchen pods are effective in 
reducing space and energy 
consumption
- Available as a pod or 
components 
- Sized to fit through existing 
openings and clip together in 
place
Auxillary unit small
- Can be standalone on site or 
attached to an existing dwelling
- Suitable as a shed, playhouse
Auxillary unit medium
- Can be standalone on site or 
attached to an existing dwelling
- Suitable as a shed , workshop, 
office space
- Can be constructed in glass as 
a greenhouse
Auxillary unit large
- Can be standalone on site or 
attached to an existing dwelling
- Suitable as a workshop, 
overflow accommodation, 
storage 
the kit-set
choose from the kit-set parts and create your own retrofit package
202
Airtight layer
- Reduce air changes for a drier 
and healthier home 
- Improve regulation of indoor 
temperatures
Wall insulation
- Increase the R-value of your 
home, making it warmer and 
more comfortable
- Reduce heating costs
Ceiling insulation
- The most important step to 
increase the R-value of your 
home, making it warmer and 
more comfortable
- Reduce heating costs
Sub-floor insulation
- Increase the R-value of your 
home, making it warmer and 
more comfortable
- Reduce heating costs
Double glazing
- Increase the R-value of your 
home, making it warmer and more 
comfortable
- Reduce heating costs
External wall
- Increase the R-value of your 
home, making it warmer and 
more comfortable
- Reduce heating costs
- Easily achieve very low rates of 
energy use
Internal wall
- Increase the R-value of your 
home, making it warmer and 
more comfortable
- Reduce heating costs
Shade awning
- Use on northern aspects to 
shade intense summer sun
- Designed to allow low angle 
winter sun to enter indoor 
rooms
Solar panels
- Produce your own energy on site
- Reduce the cost of energy in 
your home
Sunroom extension pod
- Thermal mass floor and walls 
to aid in regulation of indoor 
temperatures
- Large north facing glazing to 
capture the suns’s warmth
 - Windows openable to allow 
for cross -ventilation and avoid 
overhaeting in summer
- Can be closed off from the rest 
of the house in the summer if 
necessary
using the kit-set for energy efficiency
Improve the energy efficiency of your  home and create a warm, 
comfortable and healthy environment by using these kit-set parts
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House connectors
- Extend and connect space
- Glazed end walls to let light 
through 
- Storage space included
Extension pod
-Can be used to extend on 
ground level, or as a podium to 
support a house when lifted up 
a storey.
- Available in small, medium and 
large
Bathroom pod - small
- Update and upgrade bathrooms 
quickly and easily
- Pod components are sized to fit 
through existing openings and clip 
together in place
Bathroom pos - medium
- Doors available in any of the 
walls, to suit the individual 
project
Bathroom pod - large
- Doors available in any of the 
walls, to suit the individual 
project
Kitchen pod
- Update and upgrade kitchens 
quickly and easily
- Sized to fit through existing 
openings and clip together in 
place
Auxillary unit 
-Auxillary units available in three 
sizes
- Flexible use
Internal wall
- Partition walls that can be 
quickly and easily retrofitted to 
reconfigure interior layouts 
- Make homes more suitable for 
inhabitants and provide more 
flexibility in spaces
Furniture partitions
- Option to have on wheels or 
on a track to enable partitions to 
be mobile
- Can house folding, sliding or 
pivoting doors and partitions to 
enable flexible layouts
Privacy screen
- Make outdoor spaces feel 
more private and secluded
- Extend indoor living space
Outdoor room
- Make outdoor spaces feel 
more private and secluded
- Customisable to your site
- Extend indoor living space
Balcony or deck
- Extend living space into the 
outdoors
- Make the most of your site and 
of views and sun
using the kit-set for spatial alterations
upgrade and invigorate your home by adding or reconfiguring 
space using these kit-set parts
204
The kit-set offers a range of components that 
provide solutions to an array of typical problems 
with post-war state houses.
Your home can be easily transformed into a 
modern and sustainable home that is perfect 
for you now and in the future.
Choose from these example kit-set packages or 
create your own. 
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A net zero energy home
- Use the best of the energy efficiency 
components to create a home that is ex-
tremely energy efficient
- Photovoltaic panels are key in this 
package to allow energy to be produced 
by the house
A two storey home
- Extension pod used to lift and support the 
house to increase floor area, without in-
creasing footprint on site
- Balconies used at new level to extend 
space into the outdoors
- Double glazing and new external walls, 
along with ceiling and sub-floor insulation 
create a warm and efficient home
A reconfigured home
- Internal partitions and pods used to re-
configure the home to create a more 
suitable layout that is better oriented to 
site and sun
- Insulation and double glazing used to 
create a warm and efficient home
A combined home
- A connection pod allows two homes to 
be connected on site
- Internal partitions and pods used to 
create suitable internal spaces
- Insulation and glazing used to create a 
warm and efficient home
how to use the kit-set for your home
be inspired by these kit-set packages or create your own
+
+
+
+
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case study one
The MacGregors are empty-nesters and were 
looking to downsize their home but, having lived 
in their home for over thirty years, they were 
reluctant to part with it. 
The house needed maintenance and needed 
to be insulated and re-lined to be brought up to 
standard which all seemed a little daunting to 
Mr & Mrs MacGregor; but with the help of the 
retrofit kit their home has been transformed. 
Flexibility was key in their ideal home. The 
MacGregors like to have big gatherings of 
friends so wanted open plan living, with the 
opportunity to close off spaces to alter their 
use. 
They are both semi-retired and so an office 
space was important so that they could 
work from home, along with options for extra 
temporary bedrooms for when the children 
come to stay at Christmas.
The MacGregors included a separate self-
contained studio within the walls of their house, 
to generate income to help them in their 
retirement. They also utilised energy efficiency 
components to reduce ongoing operating costs 
of their home.
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case study two
The nuclear family
The changing householdMr Andrews was living alone in his large house 
and couldn’t keep up with maintenance but 
didn’t want to leave his home.
He is self-sufficient and enjoys living alone but 
wanted to offer some of his unused space to 
others who needed it. 
By dividing his home into two separate units, 
Mr Andrews has all the comforts of his old 
home but without of the worry of having so 
much space to upkeep. 
A flexible furniture wall allows the space in his 
unit to be altered easily and gives him a guest 
bedroom to offer to family when they visit. 
The attached unit is home to Mrs Ropata, 
who lives alone but occasionally has a carer 
stay in the spare bedroom. She has several 
grandchildren who love to come and stay with 
her, so she enjoys having the option of the sun-
room as spare accommodation. 
The sun-room also brings light and warmth into 
the home and gives Mrs Ropata a sunny spot 
to enjoy the outdoors from within the comfort of 
her home.
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case study three
The Reids had outgrown their home and 
needed more bedrooms to give everyone their 
own personal space.
An empty home on the adjacent site provided 
the perfect opportunity for an easy extension of 
space and enabled the Reids to have their own 
homes for the first time.
The two houses are separate but interlinked 
by a rear courtyard and a boardwalk, where 
they can socialise before retiring to their own 
spaces. The two houses still operate as one 
home.
Rooms are flexible to allow for overflow 
accommodation when other family come 
to stay. A pivoting furniture unit in the two 
bedroom house means that the living area can 
either be open plan or separated into living (or  
spare bedroom) and dining. The Reid’s love this 
and often utilise the open plan to allow them to 
all dine together. 
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The MacGregors, Mr Andrews and The 
Reid family all live on the same corner 
of Chapman Crescent in Naenae, 
Lower Hutt.
By pooling resources, funds and ideas, 
they were able to each have the home 
that they wanted without moving.
Along with other neighbours, they have 
created a dynamic and sustainable 
community, where once there was a 
row of standalone houses.
They had little interaction with each 
other before but now they enjoy having 
the support and company of everyone 
nearby.
They share communal garden space, 
where they grow their own food and 
the kids can play, but also have their 
own individual garden space as their 
own private sanctuary. 
Part of the land was sold to help fund 
the project and the community are 
hoping something similar will be built 
here. The houses were moved into 
a denser formation on the remaining 
site and rearranged to embrace the 
sun and to create a central courtyard 
garden around which the houses sit. 
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